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| SHADOVVES. 
\JPlainly demonſtrating, out of the Sphere, 


{ how to project both great and ſmall circles,upon 
any Plane whatſoever : with a new Conceit of re- 
flecting the Sunne beames upon a Niall, contri- 


ved on a Plane, whichthe dire Dhames 
can never ſhine upon. | 


TOGETHER 
| w; th the manner of cutting , the fiveRegular 


Platonicall bodies; and two other, the one of # 
12,the other of 30 Rhombes, never diſcovered = 
heretofore; alſo the finding of their = Iv 
Declinations, and Reclinations,, | | 
and adorning them with 
variety of Dial. 
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All performed, by the Dodrine of Triangles; "nd Teo 
;  eaſe,and delight ts by helpe of the late invented, ] 
x and worth: ly admired Numbers, called by  _ , 
the firſt Inventor Logarithmes, U 
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I Printed by Trnomas Harper and are to be ſold; 
in Pars Church-yacd,at the ſione of che hs 16 ; _ | 
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| Hzenxy GeLLIBRAND 
TO THE LOVER OF 
| the eM athematiquess 


| ſome great * Geomercy's , to aſſimilate og AEM : 
| them unto a Superficies , and tearme * 

| them Emnpariies z that is to ſay , Ap- 

parences. Nevetthelefſe it hath plea- 
{cd the Fountaine of all Wiſzome, to bound 
q cvcn theſe Shadowes with Precepts, and 
ig range them within the ſocierie of Arts. 
Neither ſtands this Arr of /hadowes in a- 
ly darke or inferiour Place ; fos by them 
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are We led on ro many rare ad f=""8 
ſpeculations. Itis from Shadowes wee ar- 
Ro gue the cauſe of Eclipſes, their Quantirie 
= - and Qualitie ; The Magnitudes of the Lu- 
© —- minariesandtheir Alritudes; From them 
_— we obtaine the Longitudes and Latitudes 
78 . of Places; diſtinguiſh the Zones, Climes, 
2 and Paralels ; ; They firſt raught us the 
Spherical, Figure of the Earth, its Magni- 
 fnde , and Diſproportion to che vaſt Vai- 
verſe; To thele are our beſt Painters in- 
debted for the Life and Grace of their 
choiceſt Pieces; And theſe (if wemay be. 
 Ieeve Prolemy) are the mutable conditi- 
ons of Mey, Kingdomes , and Common 
wealthfimputed. In a word , it is this 
Art of Shadowes which reRifieth our Ac- 
count of Time , not after that Rafſtique 
hungry way of a gratefull decupled ſha- | 
dow,(chetime of an approching ſupper) |} 
bat by a certaine and demonftrative di- } 
ſtin&ion thereof, For though the An. | 
cients,who ſpun long threads of life, had | 
ſcarce any. further reſpe& to the patts of 
the ys than ache Morning, Noone and F. 
vening; 
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yering ; Yet as the ſtocke of life after 
ſome few Ages began to ſpend, ſo they 
likewiſe to attend a more ſerious & pru-_ 
dent expencethereof,and co diſcriminate 
the day into ſmaller particles. Now be- 
cauſe among the heavenly bodies , thar-. 
bright Lampe of the YVorld, is the 
Principal Meaſurer of Time, and the Eye.” 
1 alone not able by thoſe variable alci- 
{ tudes, to diſtinguiſh its Diurnal archinto 
I ſmaller portions , therefore have ſome 
deepe and witty Artiſistaught the Sunne 
totrace outhis way upon the Earth,and 
by the ſhadowy of an 4xis to marke out 
thoſe lefle parts of the day untous., The 
firſt Gnomicall Organ, which ftands upon | 
Record,is the Diall of Kin o*4baz(wher- *2.K;ng.26 
by the Almighty was pleaſed to expreſle *** 
a miracle for the recovery of King Heze- 2/y 38.8. 
kiab, and moved the Babylonian Ambaſſa- *©/79%.32- 
| ears to inquire of the wonder that was * 
doneinthe Land) which whether ic were 
a (onvex or Concave Hemifpbere,(as moſt 
' Lenuine and naturall, and afterwards fa-- 
| miliar among the (baldeans ) is yet left 
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_ © undecided. Yet ſome there are, who 
crowne Anaximenes the Lacedemonian 
therwith,as firſt giving breath to the Sct- 
oteriques.[t crept into Rowe later;as more 
addictedto the Ditcipline of the Field, 
then of the Heavens , contenting them= 
ſelves only with the Riſing and Setting of 
the Sunne digeſted into the twelve Ta- 
bles; Accenſns the Conſull afterward de- 
termining the Nooy-tide,and that only in 
ſerene dayes , ſoone after the Punique 
warre. And no further light had they 
till the Conſul M, Val. Meſſala, beautified a 
Colume with a Diall neerc the Roſira , 
ſaithYarro. The excavated Hemiſphere. 


is attributed to Beroſus the (haldzan, at- 
ter theraking of Catana is Sicilie. Others | 
voiceit onthat witty Samian Ariſtarchusy 
(to whom Copernicus is indebted for his 
Heroicke Hyporbefis of the Earths Motion) 
as firſt ſhadowing out the houre lines on 
a Plane, Yet ſure the Scaphe or Concave, | 
Hemiſphere was in uſe before him; for | 
Eratoſthenes is well knowne to have de- 
termined thereby,ſome (celeſtial and Ter- 
OO reſoriall, 
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L helpe of chree right Lines ; But the com- 


| reftriall diſtances. But what hs Soperfices 
was,or whothe prime Inventerin thoſe 

| Cloudy Times , is not much materiatl, 
{ This we know, chat for the complement 

| of this Art two of the moſt Divine muſt 

| delcend from Heaven to conſulc there. 
on ; the Que conferring lines , that other 

| the SubPile motion of th: Sunne, The Sur- 
yeyour may ſearch out Altitudes , Longi- 


\ tudes, and Latitudes ; The Military Archi- 


zeft fabricate his Fort, The Enginer plant 
his ( anon, Convey his Myne, bs the only 


pleat Shadowiſt cannot here reſt without 
further helpefromabove.For beſides his 
skillin che Spheriques; together with the 
Lawes of that greater Luminaries mo- 
tion, he muſt be abſolute in all its (7rc- 

lar Aﬀections , as Declinations, Right and 


Oblique Aſcentions, Altitudes, Amplitudes, 
1 Aaimutbes, Culminations, Arches Diurnall, 


Aſcendent ,Deſcendent Fc. Truly thelight - 
is ſweet, and a pleaſanc thing it is for the 
Eyes to behold the Sunne, (as the V Vile Zcelr.x 1 7 


man laith) how rauch more when ac- 
Cotr= 


companied with fuch vafietie of diſpar: 
titions, Neither reſtcth-it here only , 
though affording a ſeat of ſufficient con- 
tentment,bur proceeds to a further bene- 
fitin humane affaires. What more inva- 
luable than Time? we having nought to 
boaſt of but only its poſſeſſion, and riat 
more momentany than the fleeting Sha- | 
dow it ſelfe; the Future houre is no more 
mine than the Precedent, only Hepe (a 
weake ſtaffte whereon we too much rett) 
makes me Lord of it, & yet outof which 
every {mall caſualticcan cxpell me- Hee 
then is the good Sreward that well im- 
proves it, and thebetter in being jogged 
on by a frequent Remembrancer, which | 
this mute Monitor faithfully performes. 
Here have we then by this learned Au- 
zbour,the art of numbring Time by Sha- 
dowes, afterthe moſt Merbodicall, (om- | 
pendious and Perfpicuous manner com- | 
pleatly and demonſtratively' delivered for | 
. all Planes, borh by Lines aud Numbers. 
| The worth of the worke will be beſt va- 
{aed by thoſe, whoafter much wandring 
onda; ane rtct 5 rape ll 


; 
; 
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have atſength ſatedowwne wearied, with 
the obſcure and toyilome Labyrintbs of 
orhers. There can be found no neerer 
path then rhar which leads inthe ſhor- 
ceft extenſion ; this I lappoſe tc ſute beſt 
with Pilgrims , who have long wayes 
and ſhort lives;It will become thoſe that 
cnrer the ſamezto reverencethe Finger 
direfive, and bleſſeGod, the F atber 
of Lights , from whom every 


good gift deſcends, 


London, Greſham (olledge, 
| Tone 6.1635: L 
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THE AVTHOR TO 
THE READER. 


$ = : = His trat of Dyalling was 
A Pricten Jor mine Owne_ 


# yeeres - ce, Mdiversof 

© 119 friends Lnow: where- . 
in 1 "PAY boene the more curious, to bandle 
every kind of Plane, not with anythougbt, 
or purpoſe , ever to print the ſame , but to 
 keepeit by me , for ſatisfattion to my ſelfe, 

and friends whenſoever there ſbould be. 
cauſe to uſe it. Yet ſbortly after the Worke 
Was finiſhed, occafion to make ſe of it drew 
08 occaſion for my friends to take notice._ 
thereof": amongs the reſt, my two late Wor- 


thy FR Maſter Henry Briggs, (injty 
ftiled 


3 
[ 
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The Author tothe Reader. = 


filed by a Reverend Divine our Engliſh Archime- 
des) and Maſter Edmund Gunter , Aftronomie 
LeQurerof Greſham Colledge, defired to peruſe. 
| it 5 and finding thatthe Arithmeticall part was per- © 
formed by Loris of both kinds , and therefores 
mizbr ſer ve inſtead of uſes for the Chiliads and Canon, 
compiled by theys , did earneſtly ſollicite mee to print 
the ſam? : but they both dying,gh1s motion of theirs died 
withthem. = 
Of late it bath beene againe revived , by the re- 
queſt of other Friends ; but eſpecial'y bythe encourage- 
| ment of my much refþe&ted, and learned Friend Ma- 
 fter Henry Gellibrand , who hath annexed bis ap- 
| probation of that , which in my owne opinion I never 
thought wortby of ſo much efteeme. } bave therefore. 
at length ( yeelding to the importunitie of Friends ) 
conſexted to let it paſſe to the publike rview. If any 
benefit grow from it, let him have the honour , that is 
| the Authour of all good gifts, and let my Friends ſhare 
in the thankes , chat bave in a manner extortedi it out 
| of my hands. 

I have prefixed an Index of the principal matters, 
contained in the whole Booke, diſtinguiſhed into Chap- 
ters, with the faults eſcaped therein; to the end, that. 
EE LIE. bee 


” 


7 he Author tothe Reader; 
 bheetbat willnor take the paines to readall over , may 
x upon thoſe Chapters that will ſerve his turne , ana 
corrett the faults of them before be begin torcad. Ma- 
ny more no doubt have eſcaped , the rather becauſe I 
could not attend the Preſſe my ſelfe, which you may 
mend as you meet with them , and beare 
; With the common frailty of all | 
Mankind. | 
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Booke , with the faults eſcaped 


therein. 


 Gman. EL 
Page. 


Settor to ſet off any line by Tangents. | 
2 lin. 13 How to find the Natural Sines, Tangents, or Se- 
cants, by helpe of the Artificiall. 
29 How to make a line of chords, to any proportion aſ- 
figned, = 
4 lin. 16 Aneafie way to make aline of chords, 


33 How to ſupply the want of achord,, by a ſcale of In- 


ches, 


o 


Faulcs eſcaped in this Chapter, 
2 lin, 35. 34630. for 34730s the fine of 10d. doubled, 
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5. ln. 17 How to reſolve aright lined triangle by the Chi. 


liades 


m—— 


x lin. 16 How to divide a Vine, which may ſerve inftead of A 
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Pag. Ciadesonly, andtro ſuppl the want of a Canon by them. 
b ' 23. Cantions to be obſerved in the uſe of Logarthmes, 
6 lin.7 How to avoid ſubtrattion mn the wſe of them. ED 
A 14 Fraftions may be turned mto integers , inthe uſe of Lo- 
garithmes,a the ſame number fornd in ſeverdll Chiltads, 
by changing the charalteriske. . 
\ «.lin.18, Theſeverall caſes of right lined triangles, 
27. Radius, Sine, and Complement ; a Radins, Tangent, and 
Secant of any arch doe make a right lined right angled zri- 
angle, 


I 5.li,23, The caſes of Oblique triangles. 


Faults eſcaped in this Chapter. 
$8 Comittedin the third Diagram. 
101in.33. god, for 6004. 
11 lin.20 Thelineleft out betweene the Sun and differ: of the. 
 Logarithmes, | 
25 thefor theſe, / 


x161in.25 (the ſine of ) ſuperfluous, to be ſtrokeout. 

Wit I7 lin. 7 & 28 Arith. complement twice omitted. 
 n9lin, 2.3.4.the 3 Angles ABC, ſhould havebecneſer a part, 
"ab and all ſummed up together. 


- Caar”)!IIL 
—_— | 
> 29,; Im, 4, (antions tobe obſerved in the uſe of Spherical trs- 
__. anples, | 


% \ | 
Lin. 17, How to avoid ſubtrattion in the uſe of Logarithmes, 
26, Theproportion of verticall triangles, 
221I, hin. cad ro ſupply the want of a (anon, out of the Chi- 
ads, 
 I6, When to-uſe the Sines alone , and when the Sines and 
? T angents together, 
22, 11n.14, The caſcs of right angled triangles, 
30. 
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Page ; 

38.lin.1. The caſes of oblique triangles, 

42.lin.8. Direftions to know , when the perpendicular myſt fall 
within the rriangle, and when withogr, 


Faults eſcaped inthis Chapter. 


21.lin.28. (two)for ſecond, 

22,1in. 30, The line betweene thee laſt Logarithmesleftout, 

31,1in.20, Sides for (ide. : 

32.lin. 20. 5 muſt be ſtroke out as ſuperfluous. 

3&4 Inthe firſt Diagram, OtforP. LE” 

4 3.lin. 2. given, for ſought : 
Lins 3. ſought forgiven. 

4 1PZS,forZPS, 

51.lin. 5. RZSfor RZP. 
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Pap, - 
57.1in.2. The explanation of the fundamentall Scheme. 
58.lin.2, Erett Planes repreſented by ſtraight lines , the reſt by 


reat carcles, 
60.lin. 8. Inclining, Planes, the ſame with the rechinivp, 


19. South Planes properly interſefted by the honre circle 


North Pole. 
28. The making of the fundamentall ſcheme, 


61.lin. 6. The reaſon and demonſtration , for ſemitangents tn this 
Projection. 


drawne from the South Pole and North Planes, from the 


62.1in,19, How to find the ſemidzameters of the circles, drawne ts - 


the ſcheme, 


64.1in. 9, How to draw the hogre circles, with the demonſtration 
for ther, | 


Faults 


In the 2 DiagramyP in theplace of $,& Sintheplaceof P. 
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Faults eſcaped in this Chapter. 
| Pag, FEE £3 
" $58 lin, 36 befor by, and with for wiuch. 
- 60 lin, 2 Poles for Pole. 
- 62 lin, 16 9ed. 46\. for 90d. 46". 
8% 64 lin, 6 Cordinall, for Cardinall. 
7 65 lin. 21 Sines forlines, : 


Clin. Y. 
_ Pap, 
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lin. 29 Why the hoyres mpon every plane are ſtrevght lines, 
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_ lin, 21 Six ſpherical arches &- angles,necef, ary to be knows, 
inthe projetting of the houre lines upon all the ſorts 


of planes. 
67 lin. 16 What esrequiſite in the horizoxtalt , the firſt ſort of 
| planes, p | 


lin; 21 Phat « requiſitein the E.and W, the N.and S. and 
deeliners, the ſecond ſort of planes. 


119 ! 68 lin, 25 Whatirequiſiiem Naand S.E,andW recliners, & 


' aeclining reeliners, the third ſort of planes. 
#72 lin, 32 #hy the Awthowur denominateth all plaues from the 
. fte of the Axz. 
73 lin. 23 The names, and number of the Dialc, of the ſeveral 
. planes, 


Faults eſcaped in this Chapter. 


65 lin. 26 ſteight for ſtreight, _ 
69 ln. 23 2otor ZO. . 

71 lin. 27}Subſtice for ſudſtile, 
73 lin. 12 vertixfor vcrtex, 


 Pags 
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x 3 verticals for vertical, | 
30 & 33 thanfor then. 


lin. 


lin, 
lin, 


lin, 
lin. 


lin. 
[1n, 


bn, 


lin. 


In. 


lin, 


[1N. 
lin. 


lin. 
lin, 


Caan, Wi Þ 


I4 How to draw the houre lines npon the horizontal! 


 prane, 
29 The demonſtration for calculating the hoare lines, 


Vers WAJEs, 4 L- 
8 How to find every two houres together go d, diſtant 
#pon the e/Equator, a 
1 Thetable readie calculated for the hoy 


the plane. ” | 
1 The geometrical projection of the horizontall, 


e arches un0g 


T £ "oo . 
4 ” 7 
<a 
A — 


12 The Arithmeticall calcylation of the honre lines di. ® 


18 To make the flile of thus Diall of what thickyeſſe yog 


Will, . 
18 To calculate the halfe honres and quarters in every 
Diall. 
23 Tofind a Meridian line any time of the day the Sur 
ſhining , 
6 Two wayes to find an Azimuth or Angle by three 
ſides given, | 
16 Objection anſwered againſt the allowance of the Se- 
matameter of the Sunin Dials, 
9 A demonſtration to reforme that cnrioſrtte, 


1 ef table of the honre diſtancys reformed, 
Faults eſcaped in this Chapter. 


3 (the)left our, - 
12 (The Arithmeticall calculation) ſhould have bcc 
in great letters {ct apart, p 


70. 


The Contents; 


976 lin. 8 1sforare, and diſtance for diſtant. 

77 in. 33 1 893 for 9893. 

78 lin. 28 {andtheface) 1s{uper fluous to be ſtroke out, 
So lin+ 11 fitted for fitteſt, 


&3 lin. 7 SPfor ZP, 

84 lin. 13 differencefor differences, 

85 ln, 10 -7 2608 hand for Semidiameter, Agaize, lin, 22 
Cx! 

lin, 26 15d. for51 d; 

lin. 29 putforputs. 


CGnayr. VIL. 


87 lin, 10 Howto draw the houre lines upon a dies South 
Plane, | 
88 lin. 1 Thedemonſtration for calculating the houre lines, 
$9 lin. 35 TheeArihmeticall calculation of them. 

90' lin, 1 Thetable for the houre aift ances ready calculated, 
In. 27 The Geometri call 5; coma of the Dial, 


Faults eſcaped in chis Chapter. 


89 lin. 14 (fr) left our, 
== In. 3 'SforE. 


Cuay, VIII. 
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92 lin. 7 How to muke a Diall, upon a direft North Plane. 

in. 236 demonſtration to proove the South and North 
_ Planesboth one, 

9 ; lin, 20 A generallirule, how to Pee the Stile in all kind of 

Lials. 


94 lin. 29 The Geometrical projeftion of this Diall, 


Faults 
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Faults eſcaped in this Chapter, 


923 lin. 26 Planefor plaine. 

94 lin. 12 the firſt 399, 54/. ſuperfluous to be {troxe out. 
lm, 16 returning for returneth. 
lin. 17 onfor off, 
lin, 33 but for our. 
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96 lin, 2 Howto draw thehoare lines , #p0n aairect Eaſt or 
Weſt Plane, 
lin. 11 Thereaſyn, why the hoxre lines of theſe Dials are © 
paralets. 
lin, 20 The demonſtration out of the Scheme. 4 
97 lin, 4 The Arithmeticall operation. 
16 Thetableof the houre diſtances ttpon the Plane, 
31 The Geometricall projettion of the Diall, 
938 lin. 9 How te proportion the length of the ſtile to the 
plane, 
99 lins 22 How to proportion tbe ſiile jo zhe Plane without 
reſolving atriangle, 
100 lin. 11 4neafier way to perform the ſame by Logoritbmes 
101 lin. 5 How to make the Jeſt Diall ont of the Laſt, 
contrary. 


Faults eſcaped in this Chapter. 


59 lin, 28 Arithmeticall complement lefrouty 
31 0:9 for 072., 


"1 lin, 6 each : for the Eaſt, 
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301 lin. 10 How to find the declination, and reclination of an 
Plane, 
lin, 17 7/hat the declination is, of any Plane, 
1103 lin. 16 Concentricke circles with Diagonals , will F-452T 
parts of degrees, in a ſmall forme, 
Ig To find the rechnation without inſtrument by twe 
Rulers. | 
24 The declination by a Needle rejettead, becauſe ther, 
75 a motion the variation, 
31 Three wayes to find the declination of a Plane. 
Los lin. 2 The firſt way particular for halfe the yeare, 
105 lin. 9 How tocalculate the heighth of the Sun upon thi 
prime vertical, and the houre of the day, 
106 lin. 8 Therealon of finding the dech;iuatiog b 'y this way, 
26 The ſecond particular way. of finding the decls 
nation. 
107 lin. 7 To find the Azimuth of the Sun, which ts the deck. 
PAHON. 
26 Thereaſon of finding the declination by this way, 
108 lin. 2 The third way of finding the declination general, 
| for all temes, 
© 15 Thereaſonof finding the declination by this way, 
109 lin. 12 To find the Azimuth of the Sun this way, 


J Faultseſcapedin this Chapter. 
|; , 
x05 lin. 23 RZforQZ, 
106 lin, 2 lines for line. 
21 (the) leftout. 
| 208 lin, 10 and 11 South part, ſhould be Weſt part,and North 
part, Eaſt pare fthe Plane, 
25 AxtorHx, | - 
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x10 lin. 9 How todraw the houre limes upon a South > North 


erett Plane, declining Eaſt or Weſt to any decti- 
nation oven, 
15 The demonſtration thereof, out of the Scheme. 


111 lin. 11 Thereaſon for the place of the ftile. 
112 lin. 21 Three things muſt be found, before the calculating of 


ehe hoares, 


I13 lin, 6 How tofind the berghth of the ſtile, 


15 How to find the diſtance of the Subſlile , and Meri. 
alan, 
26 How to find the angle betweexe the two AMeridians, 


114 lin. 3 By the angle betweene the rwo Meridians , to find 


the place of the ſubſiule, 
10 Twowayesto calculate the honre lines , the firſt re- 
Jedted. = | 
22 eAnytwo houres g0 diſtant , may be found at once, 
and the whele twelne houres, at ſix operations. 


115 lin, t A table ready calculated for the honre lines of 4 


Diall declining Eaſt or Weſt 45 d. 
31 Dere(tions to make that table or the like, 


116 lin, 14 The reaſon of calculating the houre lines, drawne 


out of the Scheme. 


117 lin, 17 Tocalcalate the honre lixes by the booke withort 


writing them downe, 
28 The Geometricall projettion of them upon the 
Plane, | 


118 lin, 12 How the Diall and ſtile muſt be placed upon the 


Fi 

21 Reaſens drawne ont of the Schemeto prove that the 

South declining Eaft and Weſt ,and the North declie 
ning E and 1 ,as much, are all fonre the ſame, 
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lin; 13 How to draw the North Dial: out of the Sorth, aud 
all foure appearing together upon the Scheme. 


lin. 5 Mow to make the ſtile in large Dials, tbat the ſha- 


dow thereof ſhall not croſſe the honre lines, 
lin. 17: How to find the leaſt proportion that can be of the 
ſtile , to gguve ſhadow to the remoteſt honre line of 
the Plane. - 


Faults eſcaped in this Chapter. 


lin, 3 the word (degree) is ſuperfluous, and muſt be 
ſtroke our. - 
11 fift caſe, for the ninth caſe. 
lin. 31 Houres diſtance, for houre diſtances. 
lin, 28 (for 3 of clocke) ſuperfluous, and muſt be ſtroke | 
our. 
lin. 22 appeares for appeare; 
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lin. 22 How to draw the houre lines, upon any declining 
Plane, by helpe of two Equinoiall lines, without 
reſpedt to the Center, 
lin, 14 The demonſtratios for finding the things requiſite 
to this Dial, | 
A rable readze calculated for the houre lines, 
lin, T Zhe Arithmettcall calculation, 
6 What things are neceſſary if yo# work by T angents, 
Iim. 2 The Geometrical projettion of the Dial, 
lin. 22 The honre lines proportioned to the Capacitze of the 
Plane. 
lin, x57 find the length of the Radins tu proportion to the 
Plane, | 
25 The:twoextreme bogres,may be placed where you 
ill. | 
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123 lin; $8 Thee/£quator aud Horizon , make the ſame ayole 
with the Subſtile, and Meridian. : 
10 You may ſer off the honre diſtances , by aſcale of 
| Fuches, or by the Jettor , or aline divided equal! 
« to the Radms, — : | 
| 130 lin. 16 How to worke with natnrall Tangents only, 
131 lin, 25 How to transferre a Diall drawne upor paper , to 
the Playe. - | 
28 By the wideth of the two extreame houres ; þ y the 
length of the perpendicular ftile,or by the capacis 
ric of the Plane, how zo make the Diall. 
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129 lin. 1x ,<partsfor 3. | 
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132 lin, 5 How toaraw the honre lines, ntpon a dirett For 17 
reclimug, or incliming Plane, | 
18 What the circle of poſition is that repreſents theſe 
Planes, LE - | 
24 Thereclining Plane in one elevation,ts a declinias 
: P lane tn the complement thereof, 
133 lin, 9 Whaturequiſite to be fortnd, for the making of this. 
L Re 
134 lin, T1 The demonſtration of the particulars required. 
135 lin, 14 Theplaceof the Subftite proved ont of the anole 
betweene the two Meridians, © : 
A table ready calcalated for the honre lines, 
I26 lin, 21 The Arithmeticall calculation of the houre lines, 
I 37 lin, 7 The Geometricall prejection of the Daall , andthe 
reaſon of the particulars drawn out of the ſcheme, 
- 23:The hours lines to be fet both wayes frothe ſuvſtule, 
128 lin, 2 Foure Dials made at oncc inthis oye, 
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Faults eſcaped in this Chapter. 
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31 two for ſecond. 
7 two apaine for ſeconds 
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22 How to draw the houre lines upon a South vecls- 
ng, or nclbning Plane. 
6 The ſixe varieties of South and North reclining 
Planes deſcribed. 
21 The demonſtration of then out of the Scheme, 
30 The "ag why the Equinottial Plane hath ns 
center. 
10 "Why it tz cabbed as # qrrinoFial Dial, 
4 The Arithmeticall operation by tangents,wit hou? 
calculation, | 
\, 6 Thetable far the houre diſtances, 
'T The Geometrical! projettton of the Diall. 
14 How tofill the Plane with as many hogres as its 
capable of. 
22 The ſecond kind of South reclining Planes , with 
the demonſtration. | 
1 Wittekindus , and ethers deceived 50 d, in the 
 bheughthof the ftule to this Plane, 
2 The demonſtration to prove their errour, 
16 The Arithmericall calculation of this Diall, 
1 A table for the honre diſtances. 
21' The geometrical! projefiuon thereof. 
6 The third kind of reclining Planes, with the des 
monftration, 
20 The Arithmeticall calculation of the houre lines. 
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lin. 14 A table for the honre diſtances, 
25 Th geometrical projettion of the Diall. 
lin, 12 How to contrive a Plane, thar the ſhadow of the 
CY ſhall goe baxkwareds aud forward's twice 
a day, © 
22 The reaſon thereof demonſtrated out of the 
Scheme. 

lin, 8 How to calculate the time , when to Hires this 
| Retropradation of the Cad 


lin. 24 The Authoars opinion concerning the Dial of 
Achax, 


lin. , 18 The miracle nothing extenuated by thus conceit, 
Faults eſcaped in this Chapter. 


lin. 2 Southreclining 23d. for 25 d. 
lin. 25 beingfor bring, 
lin, T (1564 d.10',) left our. 
in the Scheme 65 d. 31”, ſhould be 65 0.40", 
lin. To differencesleft out, 
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lin; 2 How to draw the hogre lixes upon a direft North 
reclining, or encluuing Plane, | - 


18 Theſecond kind of North-reclining.leſſe then the 
e/E HAT or, wit h k he D emonſtration. 


lin. 26 Wittekindus his erronr and others i ths D:.. 


all difcovered, to. be 76d. 
lin. 1 Theari:thmeticall WR of the honre lines. 


I9 ef table ready calculate of the houre diſtance: 
#pon the Plane, 


x3 The G cometvicall pro eftion of the Diall, 
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lin. 7 The third kind of North reclining more then the 
e/Zquator, 
8 The demonſtration thereof out of the Scheme. 

lin. 20 Thee Arithmericall calculation of the houre lines, 

lin. 10 A table ready calculated of the honre diſtances 

vpon the Plane. 
29 The Geometricall projeftion of the Diall, 

lin, 12 ef general rule for the oppoſite ſi {es of all Plants. 


Faults eſcaped in this Chapter. 


lin. $8 fixteene kalfe houres ; for ſixteene houres 201d 2 


halfe. 
lin, T1 Thedata,and aneſita of this Diall , ſhould have 


beene placed before the Arith, calculation. 
34 The 34 Chapter ſhould be the 35. 
lin. 4 The 34 i againe for the 35. 
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lin' 23 How to draw the hoare lines upon a declining re- 


clining, or encliniug Plaae. 
26 Six varieties,o of declining reclining Planes, 


fin. 19 The demonſtration of them, out of the Scheme, 
27 The Pole of cach reclining Plane, ſo much eleva« 

ted above the Horizon, as the Plane it ſelfe recli- 
neth from the Zemith. 

lin, T To anydeclination grven, to fit a Plane Tung 
to the Pole, and contrary, 

lin. 7 The Arithmeticall ca 
qured 1 in this Plane, 


hn. Ip Wittekindus hi erroar, and orbarsd in ſeering the 
eAngle betweene tine two Aaridcads 


lin. 15 A table ready calculated f the houre defence! 
#pon the Plane. 
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174 'n. 25 The Geometrical projettion of this Diall of the 
hoare lines, 


deth to the capacitie of the Plane, 


Faultseſcaped in this Chapter, ; 


171: lin, 3 NDferNP. 
174 lm. 9 Houresdiſtances for houre, 
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Pag. 
176 lin, 2 Fowtodraw the honre lines, upon a Sonth declt- 
7 ing reclining Plane, &c, the ſecond example. 

i779 lin. T1 The demonſtration ont of the Scheme, of the foure . 

- * particulars required for this Diall. — 
R 13 The Arith, calculation of theſe particulays, 

179 lin. 26 Theplace of the Subſtile, and the reaſon thereo?. 
190 lin, 6 A cable ready calculated for the houre aiftances 
4pon the Plane. 


182 lin. 9 The Geometruall projettion of the Diall. 


Faults eſcaped in this Chapter. 


I76 lin. + Polefor Plane. 
178 lin. 26 1s for to, 
29 triangle for triangles, 
179 In. 5 Theunitiein the firſt place ſhould be cancelled, 
| and the line betweene the firſt and ſecond Lo- 
garithmes left out. | 
el 11n.23.26 produd for produce twices 
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184 lin, 10 The third example of South declning reclining 
: | Planes, "LY - 
: I85 lin, 1 The demonſtration of the particulars required for 
3 this Diall. 
' 12 The eAvithmeticall calculation of thoſe particu = 
ty {ars, | 

Wl 188 lin. 1 A table readie calculated, for the houre lines of 

0s (11208 thy Dial, 

Wo 189 lin. 4 Howro findthe place of the Subſtile 11 tha Diall. 
} 190 lin, 4 The Geometrical! projection thereof, - 
| i191 lin. 7 Thereaſon from the ſcheme, how to place the Me 
| ridian, Subſtile, cv gÞt. 

Mill 28 Foure Dials made at once, 1n thu one, 

i 192 lin. 2 How toreducea declining reclining Plane , wto 
AM an Eaſt or Weſt reclimng. 

i . Faults eſcaped in this Chapter. 

*" 187 Im, 15 fiftcaſefor fifteenth. 

-ing i359 lin, 15 and 18. Logarithmericall for Logarithmucall, 

i 192. -Iin, 8 Diallfor a Diall. 
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i92 lin. 16 Todraw the hoare lines upon a Pelar Plane, dc= 
: clizing Eaſt or Weſt, Lo 
19 Three warieties of North decliying reclining 
Planes, | | 
30 Thedemonſtration of them ont of the Scheme, 
196 lin, 1T eLaydeclination betng given, to fit a plane rech- 
chmng to the tnterſettion of the Meridian and 
e Equator, or contrary. | 
26 
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26 The eArithmetical calculation w the arclining 
Polar, 
1 1n theſe Dials the Subſiile ts alwayes perpendica- 
lay to the Meridian. 
7 Everytws houres equidiſfant from the ſubſtule,or 
6 of clocke, are equall, 
12 A tablefor the houre lines, 
20 The Geomttricall projection of this Diall, 


Faults eſcaped inthis Chapter. 


199 lin. 5 ands6, Logaritkmericall for Logarithmicall, 
12R p SftorRPs5. 
24 wideſt for wideth. 
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lin, 17 To draw the houre lines upon a North declining 
reclining Plane , which cutteth the IMeridign be- 


ewixt the Zenith and Equator, The ſecond ex- 


ample. 
6 Thedemonſtration of the particulars required. ts 
this Dial, 
203 lin, 9 The Arithmetical calculation of theſe partieative; 
in. 20 Theplaceof the Subſtile concluded , from the an- 
gle betweene the two Meridians, 
1 A tablereadre calculated for the houye lines, 
21 The Geometricall projettion of the Dial. 


Faults eſcapedin this Chapter. 


2 Com plement of the Tangent left out. 
207 In, 15 Locutithiunicad for Log earithmicall. 
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| 209 lin. 7 To draw the houre lines upona North Gr 1g 
reclining Plane, cutting the Meridian b-: che 


e/Equator and Horizdn, The third 2x 
24 The demonſtration of the particular ;.'* -:d to 

ths Diall, _ 

21T lit> 7 TheeArithmeticall calculation of theſ* *.irtica- 
lars, | | 

213 Im. 3 A rablevendycalcalated for the houve I: .. , 

214 lin, 6 The placeof the Subſtile fouud by the angle bee 

tweene the two Meridians. 


33 The Geemetricall projefion of this Dial, 
Faulcs elcaped in this Chapter, 


209 lin. 21 34 Chapterfor 35. Tn, 

214 lin. 23.27.29. Logarithmcticall for Logarithmicall three 
times. 

216 lin, 21 (the) lefrout, 

217 lin. 5 (done)lcfrour, 
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217 lin, $ To draw the honre lines upon any mclininy Plane, 
oppoſite to the atrett reclining. - 
21 The analogiebetweene thereclimpg, 419 incluning 
planes, ſhewed out of the Scheme, and thereaſox 
why the Dials are the ſame, 
219 lin, 2 To make theinclining North aud South Dials, out 
of the reclining, 
19 Tomaketheinclining Laſt and Weſt Dials, out of 
the reclining, 


Faults eſcaped in this Ghapter, 


219 lin, 5 reclincr for jncliner. 
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lin, 19 To drawthe hoare lines, upon any inclinins decli. 
ning Plate, oppoſite to the reclining declining, 

| 32 A generallrnle to draw the one ſort out of the other 

222 lin. 15 A demonſtration out of the Scheme, of the declining 

6] reclining Plane, > 

© 224 lin. 22 The like demoſtratio for the declining inclining plane, 

& 2:6 lin. 17 The manner of drawing the tcliner out of the ſchem, 

= 228 lin, 1 To make the inclining Diall ont of the recliner, 

11 A neceſſary remembrance for inehiners drawne out 
of therecliners, LO 

24 How to prove the recliner and incliner,to be both one 
Diatt. 


Faulrs eſcaped in this Chapter. 


222 lin; 10 inclinerfor decliner. 
11 deducted for deduced. 
224 lin, 20 recliners for recliner. 
225 lin. 10 28d. 38". for 384. 28”. 
226 lin. 16 (the) omitted. —, 
227 lin. 3 South declining Eaſt 60d, inclining 16 d. thould 
have ſtood under theScheme, 
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229 lin, 2 The manner of cutting the Reggalar bodies, ET. 

25 How tocut the Cube, 
230 lin” 1 How to-place the Cube ſutteſt to araw the Drals 
: pon it, — EY 

5 A demonſtration to prove the decliuation of the fedes. 
lin. 1 How tocut the Tetrahedrum, | 
lin- 15 How to place the body fitteſt to draw the Dials ups: 
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20 How to prove the reclination of the Planes. 


27 How to prove the declination of them, 


6 A table for the houre lines, of the North yecli- 
ning Plane, | | - 
3 A table for the hoare lines , of the two South de- 
clining reclintng Planes, 
30 How to cnt the Oftohedrnm, 5 
13 How toplacethe bodie fitteſt, to draw the Daals 
#pontt, 
17 Theproofe of the declination , and reclination, 
 drawneont ef the former body , and the Dial: for 
both the ſame, 
20 How tocat the Dodecahedrum, 
5 How toplace the bodie fitteſt , to draw the Dial; 
#007 3, | 
x2 The proofe of the reclination of the Planes, 
20 Theproofe of the declination of the Planes. 
11 A table for the hourelines , of the North recli- 


»tng Plane. EL, 
1 +4 table for thetwo North declining reclining 


Planes, 
1 4 table tor the two South deslining reclining 
Planes, © 
27 How to cnt the Feoſahedrum, 
30 Twowayes tocut this bodie, 
6 How to place the body fitteſt, to draw the Diat: 
4p0n ut, | 
17 Theproofe of the reclination, of the three ſuperi« 
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DIALLING, 
Plaincly ſhewing out of the Sphere, the true 


ground and reaſon of making all kinde of 
_ Dr1ars thatany Plane is capable of, 
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CHAP. TT. 


How to divide divers lines, and make a chord to any proportion 
required, | 


Ecauſe there is continuall uſe, both of ſcales and 
A chordes, in drawing the Schemes and Dyals 
>2 following, it will be neceflary firſt to ſhew the 
A making of them, that ſuch as cannot have the 
benefit of the skilfull Artificers labour, may by 
C4 . their owne paines ſupply that defe&. 

Draw therefore the ſtraight lines, E 2, & H 3, of what 
lengttryou will, let EF, & HG, FI, & G I, or as many 
more parts as are needfull, be equali to any Radms given, as 
theſeare to H O, & LO, of the Dyall in the 1 1. chapter, (to 
which they may be particularly applyed ſubdivide EF, & H G, 
Into tenne equall parts, and each part againe into halfes, or ra» 
ther into tenne parts more, it the lines E F, & H-G, will per- 
mr, ſo may you of them {as you doe ofa ſector } take any part of p 
aſtreight line, or naturall Tangent defired. And note, that 
W'bers{oever I ſpeake of uſing the Sefor, a line thus divided 
lay ſerve the turne, ſeeing the line of equall parts thereupon'is 
Nnely underſtood in this Treatiſe,and the opening of the Setor 
W thelengrh of any Radius,is alwaies intended to be betweene 
W_*0-and 100. of thoſe equall panes oa 
A x _ a 


1/ KP /; 1, 


2 


degrecand minute defired for the Secant, becauſe the Logas 
Tit} mcs of the Secants in this table, are turned into the Arith. 


 &c y« 2 (hall produce thechords of 10.20. 30,40 d.Soof 17 365 
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But if you make a paralellogram like unto D 4, G 4, (who 
bredth and length is arbitrary, and may be proportioned to an 


Radius given) and divide the bredth therof into ten parts, ag 


the Erſt part (equall to the Radius) by diagonall lines into 10, 
parts, as in the example of AB C D, which is an inch divided 


each way into ten parts, the work will bee much more exact, 


in imitation thereof, the figure adjoyning A 10, B 2, is fitted t 
the Radius of the fundamentall ſchem, by help whereof oof! 
ces or points of P, B, A, K, and O, proper to the circles paſſing 
thorow them, as alſo thecenters ofthem, and of the houre cir: 
cles, 8, 7, L, 5,4, 3, &c which are given in naturall Tangents 
may aprly be found andinſcribed, | 
Thenaturall Sines, Tangents, and Secants,are in every man 
hands; where they are wanting, they may be eaſily ſupplied out 
of the artificiall numbers in the end of the book : for if you ſeel 
the Logarithmeof any degree and minute (omitting the cha- 
racterisk) in the Chiliades, the abſolute number anſwerabk 
thereto 15 the naturall Sine, Tangent,'or Secant of the degree 
and minute deſired. " | | 
" Log.Sin, TLog.Tang. Log.cec. | 
10. 16---9250.9803.—9257.9901.— 10007.0098, y | 


Nar.St.17823,nat. Tan.r8113 nat.Sec. 101627, | 
Only remember to take the Logar. of the complement of the 


compiem, of the Sines, and the charaQerisk left our, witholit 
my privity,which would have ſerved this purpoſe much better 
without any converſion. | :, _ 

To make therfore the line of chords, prepare a table, therinſet 
down firſt the degrees &parts,if you will, from 1 d.proceeding 
ro 90d, unto each degree joyn the chordproper to it, which 
tbe n+rurall Sine of halfe thearch doubled,by the tenth of the 
of Fink, for it you double the naturall Sines of 5.1 0. 20.306 


the Sire of : 0d, doubled, commeth 34530 the chord of 20 
and of 25 $81 the Sine of 15 d. doubled, commeth 5 1764 tis 
chord of 3o d. and ſo of the reſt : This done,proportion the yrs 
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4 The Artof SHADovwuES 
dius of the fundamentall ſcheme” Z S to whatlength you will 
and let A B 609, of the leſſer chord beequall thereto, ſuppoſed 
to be divided into 100. 1000.0r 10000, parts out of the para. 
Iellograme A 10, B 2p fitted to that Radius; or having a Se. 
or, open it in theline of equall parts to the wideth of the Ra. 
dius, and take of either of them 87. thatis ſo many hundreth 
parts of one tenth for 5 d. 8 174that is one tenth 8 74, hun. 
dred parts for 10d. & 261, that is 2 renths & 61 hundred 
partsfor 15 d. andſo of the reſt : all which you muſt transferrc 
into the line A B fromi A upwards unts 90d. Having by theſe 
meanes firſt prickt downe every 5 & 1o degree, returne a- 
eaine tothe Table, and by the ſame meanes pricke downe every 
intermediate degreealſo: notwithſtandingif you like not to be 
ſocurjous, you may ſafely ſubdivide every five degrees of the 
ſmaller chorde into equall parts, ſceing the difference of each 
degree increaſing in to ſmall aforme 1s inſenſible. From this 
ground there followeth an eaſic way of making one particular 
line of chordes, if you like to be confined to the ſcantling. The 
Sector hath for the moſt parta line of Sines thereupon, ler'60 d. 
of the chorde,be equall to zo d.of the Sines,taken from the cen- 
ter, Inlike proportion 5, 10. 15, 20, 25.40. & 45 d. of the 
Sines, will be equall to 10. 20. 30.40.50. 60. 70, 80.& god, 
of the chorde, without opening the Sector ar all : wherefore if 
you take the ſeverall degrees and parts ofthe line of Lines, and 
transferre them into the line of chords, and write the donble 
- number ofthe Sine upon the chord, you have done what you 
defired : inlike manner, if you make a circle whoſe Radius ſhall 
bce equall ro-30 d. of the Sines taken from the center, you may 
thereupon ( by taking £ rhe arch of the line of Sines from the 
ccneer) {ct any degree of the quadrant as of a chord prepared 
for the purpoſe, becauſe the Sine of 30 1s to the Radius or chord 
of 604.as theSine of every halfe arch is to the chord of the ſame; 
By this rule you may likewiſe ſupply the want of any chord 
with the help of the ſcale of inches only:ſoin the fourth diagram 
of rhe ſixt Chapter, becauſe the ſemidiameter NC, or C S, of 
the circular Plane NI CS azrecth with neither chord, 1 
finde the length thereof by the ſcale of inches, to be 137, that B 


1-ingh and 37 hundred parts, wherfore as the Sine of 30 wg 
—— | c 
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work, which conſiſteth of Triangles both right lined 
ſpherical: firſt therefore ofright lined Triangles. 
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Of the ſeverall Caſes and varieties of right lixed Triangles, with 


diverſe cautions to be obſerved in the prattice of them, 
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, HE angles and ſides of all ſphericall Triangles 


1. x-tr +. circle, therefore the Canon alone is ſufficient 
VZ V, for them ; butthe ſides ofright lined Triangles 
2 Ay are meaſured by the equall parts of ſome 
7» 24 W known ſcale; and therefore the Chiliades in the 
lolution of them :muſt be joyned with the Canon ; notwith- 
ſtanding if you ſeek the naturall Sines and Tangents an{werable 
to the angles given amongſt the abſolute numbers, and take the 
Logatithmes of them,yon may reſolve the queſtion by the Clitl- 
"rang alone, in the uſe whereof theſe cautions may bce ob- 
weed; 19 Tf | En 

1 Whereas the Logarithmes in the Chilliades are extended 
to 11 places,” and inthe Canon but to 8, in the ule of both to- 
gether you may Not exceed the like number of places in each, 
but more or fewer at your pleaſure, 

2 The Logarithmes of all numbers greater than an unity, are 
abundant, marked thns + ; of all lefle than an unity, are defe- 
ive, marked thus -, and are therefore faid to bee lefle than no- 
thing, becauſe the Logarithme of the unity is made nothing. 

3 Itthe Logarithmes of the three proportionals given, bee 
all abundants, the firſt ſubtra&ted ont of the ſumme of the ſe- 
cond and the third, gives the fourth : ifthe firſt of the three be 


defeRive, the ſamme of all the three is the fourth : it either of 
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F The middle termes be defetive, the ſumme of the firſt and that 
” defecivelubtracted out of the third, gives the fourth 2 If all 
" — threebeeabundant, and yer produce a defetivein the fourth 
place, the arithmetieall complement of the charaQerisk proppr 
to that fourth, ſhall give the true fraQtion deſired, obſerving 
fame rules in defectives that are required in abundants, /', - 
4 It the three proportionals given bee all abſojure numbers 
abundant, and the Radius none of them, yon may avoyd ſub= 
tration, by changing the Logarithme of the firſt proportionall 
into its arithmeticall complement;as for 2507.85 5 9,the Loga» 
richine of 322,take 7492.1441,and adde all together: but if the 
Logarithme of the Radius be one of the middletermes, ſabtra- 
ion will be aseaſie as addjtion. 


E . 


5 If youlike not to work with numbers of divers natures 
together, you may make ail abundants, by ſuppoſing the fradi- 
ons to bee whole numbers, and changing the charaQerisk ac- 

= raingly ; ſohave youin the fourth caſe of obliques, the three 

ides, Ns — 

AB- 9237all abundant,CA B-092r parts of an inch defeR, 

A C-2033 > whereas theyQA C- 233 7 2 inches and parts a- 
B C-2546Jareindeed (CB Coat bundant. © 
6 Many queſtions proper to the Chilliads are reſplyea with- 
out regard to the characterisk, ſo that wee may finde the abſo- 
late number anſwerable to the Eogarithme of the fourth pro- 
portionall, by changing the charaRerisk at pleaſure, 1n ſeverall 
Chilliads, every one neerer the truth than ather ; for if you ſeek 
the Logarithme of the fide AC in the Triangle ACB of the - 
third Caſefollowing--4445.3862, In the firſt Chiliad with | 
the ciaraRterjsk of 1, the neereſt to it is 1431.3637, which. 
giveth 27 tenth parts. In the ſame Chilliad with the characte- 
risk of 2, 15 2444.0448, which giveth 278 hundred -parts, In 
the third Chilliad with the characterisk of 3,1s 3445 , 2928, 
which giveth 2783 thouſand parts, In'the 28 Chilliad with the 
claaracterisk of 4, 1s 4445 .3862, the number it ſelfe, which gt 
' veth 2788 ten thouſand parts, oi 

\ 7 Incitinguiſhing whole numbersfrom frations, I uſe 4 
tine, by which 1s figenified whatſoever ſtandeth before it, to' 
bee integers, in ſome caſcs equal! to the Racius, bt oy 

| which 
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which is ſeparated by the line, to bee a part or fraQtion thereof, 
$0 i$ 0349 n the fourthChapter a fraction ſignifying 349 thou-" 
and parts of the Radins Z E,but in the number 2866 the figure 2 
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ſignifieth a line double to the Radius Z, E, and #55 ſo many 
thouſand parts more of a Radius, and ſointhereſt, _ 
. $ Note that though the proportionals be ſet down inthe na- 
tarall way of Sines and Tangents and their complements, yet 
the gumericall operation both for facility and brevity, is always 
performed by the artificiall numbers of Logarithms, 

.9 Laſtly, the three firſt Caſes following afford you the ſides, 
| thefourthand fift Caſes the baſe, and the f1xt and ſeventh Caſes 
the angles of any right lined right angled Triangle, as by this 
mark o upon every variety (which is the ſigne of the q#e/:1-4-7 } 
and by this = the daſh ofa pen (which is the figne of the aat# =) 
doth appeare 3 but in oblique Triangles the ſides and angles are 
promiſcuouſly found, and the caſes but few, to which I referre 

ou, 
RT Cat 1, SIDES, 
8p thebaſe and angles, to finde either fide, 
Triangle conſfiſteth of ſix parts, three ſides, and three an- 
les, whereof any three being given, the reſt may befound, 
only excepting the three angles of a plane Triangle, by which 
the proportion may bee given, but no ſide can bee found, be- 
cauſe the three angles of one Triangle may bee equall to the 
three angles of another triangle, although their {ides bee altoge- 

therunequall, | - | | 
* TheRadius, Sine, and complement of any arch : or Radius, 
Tangent, and Secant of any arch domake arightlinedright an- 
.glcd Triangle. Wherefore lettheplane Triangle A BC, right 
angled at C, repreſent the Triangle PI. 4 of the fundamenrall - 
ſem, Chap.4.right angled at L,viz, AB the Radius Þ 4,C B 
the Sine of the oppoſite angle or leſſer fide; L 4 and A C thelSine 
otthe complement or greater ſide PL; or againelet A Crepre- 
ſent the Radius P L, asin theſecond caſe, B C the Tangent of 
the oppoſite angle or leſſer ſide L 4, and AB the Secant thereof 
ÞP4,let the baſe AB bee given 322, that is three inches and 22 
bundred parts, and the angle at A 30d, therefore the comple- 
ment thereof at B 60 d. by the firſt of the ſecond of Regiomont. 
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of their op 
angles AandÞB, 
as in the two 
firſt varieties, & 
the coſines of 
them, as in the 
two ſecond va- 
rieties,wherfo rc 
Log. 
As the Sine of ACB god. T1o00e.00' 
Is to the baſe ABinparts 3220 0507. 85 
_- &BAC zod. 0' 9698,97 
or 
ABC God 993753 © 
CB 1610 F0206.82 
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N the fame Triangle A B C let the greater fide AC i 

[het angie at A be ren findethe leffer ſide B'C; or 
- - _ contrary, to finde | 

B che greater fide 
_ AC.lf you make 
' ACin the firſt, 
and B Cinthe ſes 
& cond the Radius, 
” areC B and 
B C Athe Tangents 
of + their oppoſite 
- angles AandB, as 
in the two firſt 
7? varieties, & the co- 
tangents of them, 


4in inthe ewo latery varieties ;wherefore, 


As the Radius A:C 
IstoCB the tangent of CAB _ © M7 


Tags | 


—_— 


—— 


761.44 
| '  Cotangent of C B A 66.4, om, 
$o 15 the ſide ACin parts 2758 | 0445.38 


Tothe fide C B inparts 1619. 40206,82 


And 2 ' Log, 
As the Radius B c — 10000. 00 
Tangent of CBA 60d, 0m,2 
or 10238.56 
Cotangentof CAB 3od. Om. Py 
Sois theſideB C inparts | 1610 0206.82 


ln... i. _—— 


Tothe fide A Cinparts 2788 _ £0445. 38 


This Caſe may bee alſo reſolved by Sines alone, becauſe the : 
lides and Sines of the anglesare proportionall,and the one acute 


angle 


Isto C Athe 
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angle is alwayes complement to theother, by the' 1 of the 2 of 

Regiomontanu, wherefore 
 AstheSineofAB Co6od. of | 
' Is totheoppoſite fide A C 2788 


OY p ' 


asin thethitd va« U 


So is the Sineof ABC3ed, o (C riety. 
_ tothcoppoſitelide BC 610 JV} 
Caſe 3. of 


By the baſe andeither fide, to find: the other ſide; 


Ne fame Triangle A B C, let the baſe AB and the greater 
I fide A Cbe given, to findethe lefler ſide B C 1n the ſame parts 


as in the firſt variety : or let the baſe. 
and leſſer ſide BC be. given, tofinde 
the greater ſide A C, as in the ſecond 
variety, The ordinary way to finde 
the ſide from rheſe data was wont to 
© beeby theſquareroot, for the ſquare 
of AC taken our of the ſquare of 
.A B, leaveth the ſquare of B C, 
whoſe ſquare root is the ſide B C de- 
ſired ; but the eaſter way by Sines (if 
the numbers bee'great) is thus per- 
formed at two works, for making 
AB the Radius, A C is the Sine of 


the angle B, as in the'firſt, and B Cc 
the Sine of the angle A, as in the ſe- 
cond variety : wherefore * 


LE _ Log. 
As the baſe AB in parts 229 05079,85 
= AC2 | 2788 w= .38 4 
Isto the nee or Ga parts, - REN , 
: BCY 1610 0206,86 
Sols the fine of ACB 90d. & 10000,00 


To the ſine of A BC 


God. o'. 9937-53 


mes of i AT. 30d, © - 9698.97 
econdly having the one angle, the other is complement 
thereof in both ; wherefore F ve 


/ As 
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 AstheSineof ACB god. inboth  * ' 28000,00 
-. +&BACinthefirſt 30d; o' 965895 
18 to the Sine of and ns OT a ne 
ABCin theſecond 
AB in both 
B C in the firſt 
T0 the ade and > þ | 
p ACintheſecond 2788, y0445.38 
You may alſo performe the ſame more caſily by the Chilliads 
alone, as in the ninteenth Chapter of Mr. Brigs his Arithmer, 
Logarithm. continuing A B and B A one place further, becauſe 
ICU 19 pare. ”  Þ 
The fumme of A Band BCis 692086 4 0778,77 


So is the ſide 


o yY 


The difference of them is 4314 — 0365,12 
The ſum of their Logarithms is 041 3.65 


Whoſe {is the ſide B Crequired 1519 - , 0206.82 
Note the Logarithme of the difference beingd Rive,is ſub- 


ducted. - Log. 
 Theſummeof ABandBCis 48:0 4 0683.95 
The difference of them is | 1610 + 0206,82 
The ſum of their Logarithms is 0890. 


Whoſe ; is of the fideACdefired 2788 - 0445-38 ; 


Caſita, EASE - 
By both the ſides, to finde the baſe. 
B N the ſame Triangles ABC, let the 
ſides A Cand CBbee given, to finde 
+L thebaſe A Bin thelikeparts, The ordt- - 
L | nary way to finde the baſe from the 
<< j—3C data was wont to be by theſquare root, 
A  foradding the ſquares of thezewo ſides 
A C and B C together, you have the 
ſquare of the baſe A B, whoſe ſquare 
root is the baſe defired ; but the eaſter | 
way by Tangents (if the numbers bee 
great) 1s thus at two works, as afore:for 
making A Cthe Radius,B C'is the Tan- 
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gore angle B A C, as in the firſt variety, and makin Gel 
b GY -—D2—_ eget? BC, asin —_ 
Je; variety, wherefore, 


RA Co latrn I619 Se um F 
So is the line A C as Radius gy 1 0000,00 
Totbeline C BasTangent of?p. 
'the angle CAB 30d. & FO ARS 
and ſoefthe other variety for AC, ro 
— | CAB :' Jod. FL W-xr 97 
As the Sine of 4 or — 
- CCBA 60d. 0 - 9937-53 
CH x610. ._ , 0206.81 


| Ts to the fideg) or 


Ry | an . ©... 6444.41 
Sois A C B the Sine of 90d, of 1 0000,00 
To the baſe AB . . g220 "S070 
| Caſe 55 
By the angles and either ſidegto finds the baſe, 


FF one angle 
be given, the 
jo is alſo 
xg , there- 
in tie 
ſame Trian y 
AB C let 
lefler angle x 
A, and theleſ- 
for ſide B C be 
given, or let 
the greater al- 
gle at B, and 
the greater ſide 


AC be glven;, ; 
or 


er ak BY RMS je ; ins MK] % B g 
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or contrary,to findethe baſe A Bin the ſame parts, If you make 
A Bthe Radius,then are the ſides B C and A C the Sines of their 
oppoſite angles Aand B, as in the two firſt varieties, and the 
Coſines of themzas in the two ſecond varietics, wherefore 


BAC god 4 
EF + | 30 : &' 96 I | 
As the Sine of 4 or EO Ye 
ABC 60d, & 9937.83 
CB x 510 0206.92 
Is to the ſide < or 
CA ._ . 00 6445.38 
So is the Sine of AC B god. & 10000.00 
 Tothebaſe AB 3229 0507.85 
Andagaine, 
Oe py ou 
AC 30d, ©& 9937-53 
As the coſine of & - or 
ABC 60d, & 
EE 
Is to the fide or 
| BC 16510 0206.92 
S0is the ſine of A C B 0060 2 OOO 
To the baſe. AB - 3220 0507.85 


Caſe 6. ANGLES. | 
By the b4ſe and either fide, to fiude an angle. 


JP the fametriangle A B C,letthe baſe A B andthe lefler fide 
B C begiven,to findethe lefſer angle at A ; or letthe baſe and 
greater ſide A C bee giyen,to finde the greaterangle at B ; and 
contrary.If you make the baſe AB the Radius, then are the 
ſides B C and A C thefines of the oppoſite angles A and B, as 1n 
the two firſt varieties, and the colines of them, as in the two 
 lecond varieties, wherefore - "2 
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» 
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© Denreuw'a 


As thebaſeAB 3229 ogor.f5 


Is to the Sine of ACB god. &! 10000.00 


1510 0206.82 


So is the ſide 


2788 _0445.38 
BAC. 3od. 9698.97 


or | 
ABC 60d. 9937-53 


Againe, 


w 


Log: 
I _ 0507.85 


As the baſe AB 


Isto the Sinc of ACB god, © 10000,00 


2 - mb 2788 0445-38 
Sois the fide < or th 

B C | 110 0206.82 
"ABC God. & 9937.53 
To the coſine ofthe angle < or 

 CBAC ;0d, o' 9g698.97 


Cal# 


Og 
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s Caſe 7. E, 
By both the ſides, to finde either angll#® _ 


N the fame Triangle ABC, let the | 
ſides A Cand B C bee given, to finde L.'| 
:| eitherangleat AorB. If you makeAC 
JC the greaterſide the Radius, B C the leſ@ MF 
ſer{ide is the Tangent of thelefler angle 88 
B BAC, andifB C theleſſer ſide be Ra- by yl: 
dius, A C the greater ſide is the Tan- Al, 
entof A B C thegreater angle: wher- oh; 
c fore : 


As the ſide A C in parts .... 0445.39 Wit 
Is to the fide B C in parts 16S 0206.82 MT 
So is the fide A C Radius 1 0000.00 =_ 


To the ſideB C as Tangent 2 PO. _ bs | 
_ oftheangleBA C C 308-0 | iff 


E 5 ÞF 
Astheſide BCin parts 1610 0206.8 2 -_ 
Is to the fide A C 1n parts 2788 .0445.38 #7 
So ER CR xh605.00 *l 
To the ſideACas tangent 2 We 

- of | 60d.  10238.56 =__ 
of theangle ABC {$; DN 


Caſer, OBLIQVE TRIANGLES. C 


Bytwo angles and the fide comprehended , to finde the third axgle, 
and the other two ſides, 


N oblique Triangles thereare only foure caſes, but many va- - | b: 
ricties, notwithitanding becauſe they,come ſeldome incoule 


6 The Art of SHaDovves 
in this Treatiſe, and they are already learnedly demonſtrated by 
Myr, Henry Gellibrand in Trigonometria Britannica, I will only 
give example of the Caſes,and leave the varieties to every mans 
private practice ; Therein is to be noted, that whenſoever you 
deale with an obtuſe angle, you muſt rake the Logarithme of 
' the complement thereof to-g ſemicircle ; as for 11 3 d. 31'the 
OL | Logarithme of 66 d.29', becauſe 
the ſine and logarithme both of 
the acute and obtuſe angle are 
theſame ; Letthe oblique trian- 
leAB C repreſent the triangle 
Dd BG in the ſecond diagram of 
| I the 257 chapter : viz#. AC the 
axis of the ſtile O B, A B thelefler fide O G, andB C the grea- 
ter ſide B G, and letthe anglesat A 113d. 31',and at C199. 
 25',and the fide A C 2033 be given,to finde the angle at B, and 
. the ſides ABandB C. Theangleat Bis 47d. 4, found with- 
- out calculation,becauſc the three angles of every right lined tri- 
LIRA ——_ to tworight angles,by the 32 p. 4, of Enclia, 
WET © which being known, the ſides are found by the 1 p. 2. b. df 
Wh —Regiomontanm, becauſe the fides and fines of the oppoſite angles 
are proportionall one to the other ; wherefore, 
| As thefineof theangleABC47d.4 0135 Ae 8.arith.com, 
i -Istothelineof thehdeAC 2033 3308.1374 ” 
Wo, _ : C 113d.31'.9962.3428,o0r66d.29 


angle . ACB 19d.25' 9521.7073 


% 


BC 2546 X£3405.8820 2» 
To the fide Jor Nik ; | 
BA 923 XF2965,2465; 
M a Bf Caſe 2. » , 
By any two fraes and an angle oppeſite ts one of them, to finde the 
other fide and angles,if the ſpeces of the angle ſought be knowng 
becarſe the ſame ſine anſwereth both to the acute and obiuſt 
anole, 1 £ 
Inthe fame triangleA B C, let the fide AB 923, and a 
hs Y os | {ate 
FE, 


mmmm_— A _— 
| hd 


The Art of SHaDovves 17 
- | fide AC 2033, with the angle 

TEOWEa oo, FRET PIR 9 BC 47 d. 4 oppoſite thereto 
\(' begiven,to findetheangleA CB, 


by which the angle B A C is gi« 
ven, and the ſide BC: whefore 


Þ 
ED - Log. 
 Asthe fdeAC 2033 66591.8625 
 Istotheſineof the angle A BC 47d. 4 9864.5982 
SF isthe fide AB 923  2965.2465 


To the ſine of the angle ACB 199. 25' X9521. 7072 
therefore BAC 113d. 31'thecompl, ofBandC to 120 d, 
Then is the fide B C found by the later axiome of the former 


Calc ; for ' kb. 
As theſineof ABC 47d. 4' 0135.4018 Ar.compl. 
Isto the fide AC 2033 3308. 1374 
S9is the ſine ofBAC 113d. 31' 9962.3425 
To the ade BC. 2546 X3405 8820 

Caſe 3, - by 


By rwo Gaeb and the angleg comprehended, to finde the third / de, 


and other two angles, 


Dn © TIN theſametriangle AB Clet the 
| 7 fide A C 2033, and the fide A B 
923, and the angle comprehended 
bythemBAC 113d. 31 beegt- 
ven, to finde the or, B and C, 
« | and the third de BC; whercfore 
: Log. 

be the ſammeoftheſides ABand A c 2956. 65 29.2956 
Is to the difference of them 2 3045.3230 
9 is the tangent of: the ſumme of the? _ 
known angles B & C,which are the>33 d. 14 9816; cans 
Thy of theangle Aro 180d, WL: 
dt 

+ 5 EN of che ins Lin 13d, 49'; ' £9391. 1389 


C | waich 
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which addeo WOE ſumme, giveth an; 47d. 4 
Jreatei 50 atl ; 
and ſabtracted frota it,the lefſerangleatC 19 d. 25 
The angles bcing found, the ſidersalſo given, by the laſt of the 


Re 


_ 


firſt Caſe - Wherefore Log. 
Astheſineof ABC 47d. 4 0135-4018. Ar.com, 
Is to the fie A Cin parts 2033 3308.1374 


 Soisthe {ſineof BAC 113d, 31' 9962.3428 
Tothe fide B C in parts 2546. F3405,8820 


Caſe 4. 
By the three fiaes,tofinde any angle. 
— 


N the ſame triangle A B C, let the three ſides AB 923. AC 
2033.andB C 2546 be given, and letany of the angles A, B, 
or C,bercquired. 
In this Caſe the ordinary way heretofore hath been to re. 
duce the oblique triangle into two right angled triangles, by 
rayſing or letting fall the perpendicnlar A D from any angle 
(though mgt commodiouſly from the greateſt) asherefrom A, 
whereby the :wo lefler ſides B D and D C of each triangle 
AD Band ADC arefound, and conſequently the angles at A 
ſubtended by them, the complements whereotare the anglesat 
B and C ; but the better way 18 drawnourt of the 18 chapter of 
Mr, Briggs his eArichmetica Logarth, whichlT received from 
bim many yecres ſince. 


- Our of the Semiperimeter of the three ſides, ſubdud every 
ſide, fo have you the differences ; adde the arithmeticatl com- 
plements of thelogarith. of the ſemiperimeter and difference ot 
the baſe, unto the logarithmes of the difference of the fides, 
halte the ſumme of theſe foure logarithmes, is the logarithme of 
the tangent of hale the angledefred. Z 

The 
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\ To Three angles. 
The baſe SY 923 A 113d, 30' 49” 
A 2033 | B 474. 4 20” 
the des 35g © 25461 C 199d. 25". 2 
the ſumme 55O2 "To | 
| The halfeſfumme 2751 6560.50947 ,4..<-: 
| thediffer.of the baſe 1828 $6738.0238 X08 
the differ, of the fides $7 719 2 85 6.1244 
| 05 2311.7539 
Totall -.18466.4115 
The halfe T.92 > & 2057. 9d. 42 2 
the double 19d. 25' 
Secondly, 
Thebaſe A C 2033 
| AB 922 
thelides} 5 © 2546 
the ſumme $5O2 Log. 
the halfe \amme 2751 .6560,59294 £4 coy 
the differ, of the baſe 71 g 7143-975 9 > Arith,comp], 
y I 828 3261,9702 
edife.ofthe ides) 730 3700) = 


Torall 19278.1151 | 
the halfe T.9639.9575. 23d. 32" 10”, 


the double 478 4 20” 


Z - Thirdly, 
Ihe baſe B C 2546 
th AC 2033 | 
elides AB 933 : 
the ſumme 5502 Log. 
the halfe ſummie 2751 G6560.5094 
ediffer.of the baſe 205 708 88.2461 CArith, compl. 
La. cr. cx: 1 $935 22601 en 
ediffer,of the ſides 718 2856,1244 


C2 


© Tortall 20366.8561 | 
the halfe T. 10183.4289 56d. 45 "20" 


the Fe 113d, 3o 40_ 


Cauap, 
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Cnavp. II. 


# . o o - d 
The ſeverall Caſes and varieties of ſpheric4ll triangles, with d: 
_ vers cautions to be obſerved tn the prattice of them. 


2; Hereas in the practice of the Caſes I ſome 
7 £3 þ. times uſe but fix figures, and the Canon con 
#12, lifts of eight, itis leftat liberty to uſe all o 
# ſome of them, only in caſes falling neere thi 
> bezinning andend of the quadrant, or 1nre 
4 ſolving the fame queſtion by ſeverall caſes 
except you uſe all the figures, and take the tourth proportional 
as they ariſe, and fit the Logar. of the fines, coſincs, tangents 
and cotangents unto them, as is done in the table following,th 
numbers will not agree exatly in all the caſes, : 

2 Whenthe Logarithme of thefourth proportionall excee. 
. deth 9 inthe firſt place, you muſt cancell the reſt, unleſle it pro- 
ducea Tangent above 45 d. whichis greater than the Rad, 

'3 Ifthe Radrms beone of the middle termes, you may avoid 
ſubtraction, by taking the Arith. complement of the Logar.ſine 
of the firſt proportionall for theſinett ſelfe, and the Logar.tan- 
gcntof the co.rplement for the tangent it ſelfe, and adde all 
three together ; notwithſtanding becaaſe it is eaſie to ſubtract 
the firſt number out of the ſ\umme ofthe {econd and third{if the 
| Radizes be one of them ) as to adde all together, Iforbeare to uſe 
the help of addirion ; but in caſes where the Radize is none of 
| the three proportionals given, 

4 All verticall triangtes have the ſines of the hypotennuſas and 
perpendiculars,by the firſt ; the ſines of the bale and tangentsof 
the perpcndiculars,by the 2 axiom of the 4 b.of Pitsſcs,propor- 
tionall, and theangles at their mutuall interſetions ecquall by 
\ the15 p.of 1 b. of Exc/id, So may you finde in the firſt yariety 
of the ſec nd caſe the angle P& 5 and y&R. or P& Y, and 
5 >R ecuall, andthelikefides of the one triangle & ÞP 5 pr 
portionall to the like of the other & Y R, which will ſhore 


/ 


the workin many cales. \ 


ww 7 - 
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'5 It maybe here again noted, that thongh the chi'iades bee 
preperly applyed to plane triangles, the Canon to {piiericall, ye? 
becanſc every log, canon 1s made out of the chiltages, the want - 
of a canon may bee ſupplied by the chiliades, for if yoa take the 
Logarith, of the naturall fines and taagents of the ſides and an- 
gles given, as if they were abſolute numbers, rhe fourth propor- 
tionall will be alfo an abſolute number, which found tn the tavle 
of naturall (ines and tangents, refolveth the queſtion witnout 

help of the Canon. : 
| 6 Beeaule Authours d fler in the termes of a R.S, triangle, 
ſome calling the ſide ſubtending the right angle, the hy; ot -1:7/a, 
other the baſe; and rhe ſides including the right angle,.the per- 
pendicular and baſe, other the legs, iris indifferent which be u- 
ſed, ſo they be not promiſcuouſly taken in theſame Caſe, there- 
in the greateſt difficulty is, when to uſe the fines alone, aud 
when the ſincs and tangents together : Whenſoever therefore 
yon deale with the baſe and either ſide incluling the acute an- 
gle, you muſt work by ſines ; when with the two fides inclu- 
ding the right angle, by fines and tangents togerher, as in the 
continuation of the ſides will plainly appeare, {o have you 1n the 
firſt variety of the firſt caſe: as the fine of yy 5.,1s to the fine of 
S E,(o1s the fine of YE, to the fine of &R : butinthe firſt ya- 
riery of the fift caſe : as theſine of Y Z,is to the tangent of 
| S, ſors theſine of Y R, tothetancent of RT, and thus of the 
Teſt, E.. 
7 InR.S. trianzles there are ſixteen caſes anJ thirty vyarie- 
ties, the firſt varicties of the firſt ſix caſes give the lefler (ides, 
the feeo varietics the greater ſides, the ſeventh, eighth, ninth, 
and tenth caſes the baſe; the firſt varieties of the later fix caſes 
give the leſſer angles, the ſecond varieties rhe grevter, as by the 
lines of the data and gueſita doth arnerre ; of excit <wvherof for. 
more plaineſſe ſake, a particiiiar examvle thaiibe glven, 
Inthe diagram following, PS A RY, ler Þ repreſent the 
North Pole, P & 4 thefolſtitiall colure, PH R a meridian or 
great circle paſſing through the beginning of >, let V bee rhe 
nterſction of the Equator and Ecliprique, YR AE 90 d. ofthe 
Equator, and yf"& 90 d. of the Ecliprique: 


& 


C13 -. — 


22 The Artof SHAD OVVES. 


f'4 py i*7 


Side - 11,30,42 5. - Si. x09. x05 2,.Coſ.9991. 1740 The ſve. 
Angle-23.31.30 - SL.9601.1 358. Cofſ.9962.3153{ al) parts 
Giles I 2 7.5 3.42 £.- $1.9670.1111.Cof.9946.3565 >of the 

t 30. 0. o - $i.9698.9700,Cof.9937.5 306\Tringle 
Angle-69.20,35 z, <Si9970.c45 5, Cof.95 47.491 8 JY RS: 


f 


d / H 
Side - 11.30.43*.-T., 9308.9312.Cot.i0691,0688 YThe 
E23-31-30 - I. 9638 Cot.1036 1.1801 _ 


2 Lo 6,Cot.10276,2 
30. DO!) - Fo 9761 4393. Cot.10238.5606\7;jan. 


Angle-69 20, 35 - 1.19423, 5495 Cor, 9576.3505 -VRy 


Caſe I. SIDES. 


By the baſe and anole oppoſite to Foe fac ſought, to finde either 
/ ae, 


8 the triangle adjoyning Y RE, let the baſe Y & bee given 
zo d, the diſtance of the Sunne from the Equinoctall point, 
and let the angle Y bee given, whoſe 


meaſure is S, 23d. 31: 36”, the 
greateſt declination bf the Sunne, with 
the right angle at R, alwayes 9o d. to 
finde the leſſer fide  R the declinati- 
on of the Sunne in the beginning of 
If you continue the ſides to quadrants 
then the proportion is, 


As the whole fine 5 g0d. & . 0” 10000, 0000 


- Ts to the ſine 5 M; che-rhca- : . 
- fureofthe angle 23d. 31' 30 9601. I 352 


$0 1s the fine of the baſes god. 0000” 9598. 8.9700 


' Totheſine of the ſide 5 R | [146.30 425 F9300.1052 
| - Thedeclination + the Sunne in od. of >. 


Put: 6 991 wal | inde the greater {ide YR, then inſtead ofthe 
angle 
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angleaty,let the angle at & be given, 69d. 20'35”; whichis 
the angle that the Ecliptique maketh with the great circle paſ- 
ſing by the declination of the Sun. The fame Canon refolveth 
the queſtion, without continuation of the ſides, becauſe the 
fines of the ſides and oppoſite angles are proportionall, by the 
16 ofthe 4 b. of Regiomontanms. 

3 ag © 2 o- 
As the ſine of py R & 90. o' ' ©” Þ 10000,0000 


—— —_——_———— 


Is to the ſine of the baſe y'& 20 © o © 9698.9700 
So is the ſine of the angle y& R 69 20 353 9971.1413 


To the ſine of the fide YR — 27 53 424 29679-1113 
Therightaſcenſion of the Sunne in the fame place, 


Cale 2. 


z 


ſide, 


N the fame triangle V Rv letthe baſe v & bee given as afore,. Wk | 
and the angle at & adjacent to the fide fongn7t, to finde the. [+38 
lefler fide & R. Becauſe "M8 

there arenot ſufficient 4:4 0B 

Be fr in this triangle, continue the _ 8 

$ = ſides unto cuadrants, and 


By the baſe and angle adjacent to the fide ſought, to finde either 


$2 L further ifrchere be cauſe, wt. x 
Y : R . | Y : "es: 
D; &; : = VStoC,RE roB, and & i 


I to A, then-:vill F C be = 
cquall toy v&, CB rhe mea- h 
FS {ure of the angle &, AB the 
"A complement. of that anzle, Y 
andBP equall to 35 R the ſide which is fought, and fo in te WM 
reſt that follow : wherefore, 0d. Los. bY 
As the whole ſine AC 90 © © 10090,0000 
Is to thetang. of C & equall to Vs 20 © © 9761.4393 
Svis AB the coſine of theang, 5 69 20 353 9547-4915 
To the tang, of BP equall tos R 11.39 43: 49398-9311 
The Suns declination. 
Ca Secon ily 


"4 
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Secondly, inſtead of the angle at &, let the angle at v» bee pi. 
ven, to finde the greater fide Y R by continuation the other 
way: for Y & is given,therefore Y Q and Q D,alſo the angle at 
vs given, therefore the meaſure thereat D &, and alſo & A: 


—— Aw. 


CO" 


wherefore, 
Log. 
As the whole fine AD + 90 & ©” 10000,0000 
Is to the tangent of DQ F eepts ” 
- equall to the baſe - v& ns eg 9761.4393 
So is A x the coſine oftheangley 33 31 30 9962.3153 


' Tothe tangent of F equal to the? _ gf : 
fide R the right aſcenſion £ 27 53 423 ©9723-7546 


Otherwiſe by complement. 

As the Sine of P 5, Fo 

Iz to the Tangent of S 3+; * 

So is the whole Sine P A}, 

Tothe Tangent of ZR the complement of R V the right 
alcention, fb | 


Caſe 3. : 
By the baſe and either ſfide,to finde the other fide. 


jN the ſame triangle V RS, let the baſe yy v& be given, andthe 
greater ſide VR, to finde the leſſer fide & R by contmuati- 


ON, &C. 

- By Log. 
As £R the colineof VR.8 27453" 42”; 9946.3565 
Is to the whole ſine RP - 90 © © I ©000,0000 
5015 3 x the coſine of yy zo o 00 9937.5 306 


To x Þ thecoline of 5 R II 30 43g 9991.1741 


Or if you will avoid ſubtrattion, take the Arithmeticall comple- 
ment of 27 ©, 53'42"z, which is 0053 , 6435, and adde all to- 
{il —_—_— - --: - ” TT - T 
= Secondly, Ictthebaſe Y & bee 21ven, and the leſſer lev R 
"a to finde the greater fide yR by continuation &c. © © 


t 
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Log; 

AsP v the coſineofyR \ 114 30' 43" 9991-1740 
I5to& S the cofine ofys& Zo © 00 9937.5306 
Sos the whole fineP R go © ©0 I0000.0000 


0RZ thecoline of y R. 27 53 42z , 9946.35 66 
RT. The Sunsright aſceation, 

. _ Cale 4. = 
Py exther fide and the angle oppoſite unto ut, to fnde the other 
fie, | | 
IN the fame triangle  R bet theſide V R bee given, andthe 
angle yy oppoſite thereunto, to find the fide s R: Continue the 


des V & and R to quadrants, and AB ſhall bee the meaſure 
the angle at x, | 


Log. 

As AB the tang.oftheangle Ag B 697 20' 35"; 1 0423:6495 
5to the whole fineBs&Y _ / 90 © © 10®000.0000 
01sthetangentof Y R 27 53 423 9723-7546 
Tothe fine of R & II 30 435 9300.I05E 


Or if you will avoyd ſubtration, inſtead of the Tangent of 
694,20" 35" 7, rake the complement thereof, 9576.35 05, and 
ade all to gether, | _—_ | 
Secondly,inſtead of the angle v and the fide Y R, let the an- 
lc V and the fide R be given, and the fide YR be ſoughtby 
Ont!nuation, &c, | - 
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Log. 
As "O Tangent of 53 & the mex- nd 
_ fare of theangleS v M&M 23,31 30” 9638.81 99 
Ts to the whole Sine M& 1 . 90 © od 10000.0000 
Sois the tang. of the lefler fide = 11 30 43; 9308.9312 


To the Sine of the row fideRY 27 53 423 9670.1113 
The Suns right aſcentton, 


Caſe 5. 


By Ss hes fede and the Parc oppoſite to the / ae PR to finde the 
other ſide, 


[N the ſame Triangle V Rv , let theangle Y be given, and the 
fide YR, to finde the ide » L R oppoſite to the angle even, by 


Continuation, &C. 
Log. 


As the whole Sine 1» | 90d, o o' 1000s. 0000 
Is to & © the tang, of theangleV 23 31 30 9638.8199 
So is the Sine of the ſide given VR 27 53 42; 9670.1111, 


To the tang.of the ide ſought KT Tx 30 43 . XP 3 O8, 93 210 
| The Suns declination. 


— Secondly , inſtead of the angleV and the fidey R, let the 
> be given, with the fide > R> and the other ſide vR be 


for ht : continue the ſides, &Cs As 
S 


—— — eter ooennere ge ng Hh. PM og | <tr oh - -- Ur Bens ge > 7 (97 4 OBI 1 Io I SAI ry > Ir Coy 
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 M 


Log. 
As the whole fineyB 907, o'- 0” 160000,0000 
;toB A the tang.of the angle AB 69 20 3 55 I 1042 3.6495 
$0 is theſine of the ſide given R 12x 30 43; 9300.1052 


Tothe tang.of the ide wh RY 27 53 425 97237547 
_ The Suns right aſcention. 


%., 


Caſe 6. 
By both RY oblique angles, to finde etther of the ſides. 


IN the ameTriangle + R +,let the angles at V andy be given, 
[:ndlet the lefler fide R bee _ continue the ſides as 
afore, 


Log. 
[4s B C the ſine of the angle B & C 69.20 REPEL 9971. 1.1413 
Ir to the whole ſine B & 90 © © 10000.0000 
$65 P the coſine of the 
angle 55 ES OO - 7 9962 -3153 
Po ed an he desR 11 30 43% 9991.1749 
The Suns declination. 


Sccondly 


OE CE Ce eg Oy 
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Secondly, let the greater fide V R be ſought : continue the 
fides the other way, as afore. | 


eActhe fineof D & equall to : 
' $e/ the meaſure of the 4. 
angle o5 VE 231.31 3o' 9621-1352 
Tito © F equallto A B the br 
 Cofrne of the angle B  C 69 20 355, 9547 4912 
So ts the whole ſine eV | 99 co © Ty000 000g 


ToFY the coſine of the fade RV 27 53 427 9946.35*6 
ES OO The Sunsright aſcention as afore, 


By eitber fide and the angle adjacent, to finde the baſe, 


; IN the ſame triangle + R v,let theſide& R bee given, and the 
* angle & adjacent thereunto, andier the baſe 4 & bee ſought: 


_. continue the ſides for want of ſutficient dare. 


| - Log, 
es AB thecoſineof Bs C 69©.20' 355 9547.4918 
Ts to the tangent of B P | = 
| equall to; R þ £1 20 421 0308 .9312 
'  Sorsthe whole pneeAC go © d. 7 0000, 0000 
To the rangent of CS To 
equall to & zo 0 © .. . 9761.4394 


T he diſtance of the Sunne from Y. 
, Secondly 
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Secondly, inſtead of the greater angle & and the leffer fide 


] 
| 


R, [ct the icfſer angle V and the greaterſide VR bee given : 


ontinue the ſides as afore, 


Ar ele, equall toP oF the 7 Log: 
TTY 234.31 30" 9962.3153 
[to the tangent a Fyequall "= , 
to A 'V 27 $3 42 9723-7546 
Fo 5 the whale fine AD #90 00 © 10000.0009 
To the tangent of D 2 . - — 
ern "DT 9761.4393 


The ſame diſtance againe, 


Caſe 8. | | 
By either fide and the aygle oppoſite thereunts, to finde the 
baſe. | E 


N the ſame triangle VR >, ler the leſſer fide R begiven,and 
theangle 1 oppotite thereunco,to finde the bale Y &, by con- 
Unuation as afere. 


As the ſine of © © 16 enſure Log. 

of the anole 23".3 1'30' 9601.1 353 
«10 the whole ©: © 90 00 00 10000.0000 
oz the ſine of te (64 Il 39 43; 9300.1052 
o the ſine of tho baſe 39.00 00 9698.8700 


The diſtance of the Sunne from 
EE ___ 


1 ey 
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Secondly let the greater fide Y* R bee given, and the freate 
angle oppoſite thereunto, without continuation, 


Log. 
As the Ke of the reAREY i I ; ”y | 
anere ils C 699.20 35's 9971.141 
Ts to the (ine of the grea- : 
ETR - [ 27 53 423 9670.11 
Sorts the ſine of (R& 90 © © 10000,0000 
. Tothe ſineof the baſeV & 30 © © 9698.96! 


| The ſame diſtance again: 


Caſe 9. 
: By both the ſides given, to finde the baſe, 


INtheſame Triangle V RS, let the fide & R, and the ſid: 
Y R be given, to findethe baſe, by continuation as afore, 


% 


Log. 
As thewhole ſine Þ R 99%,90' 00” To0000.0000 
Ts to RA the coſine of the 2 . os 
—_ preaterſidery R e © IS J*x 9946.3565 
So ts P 5 the coſine da: . : Pn. 
lefſer fide & R I 39 433 999.174 
Toy &; th,cofmne of the 
baſes oY 32 0000 19937539 


The Suns diſtance from 4s afore. 
” Caſe 


OI SORES 


—"_ et 4 Col was = PD TO L——_ —_— 
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Caſe 10! : 
By both the oblique angles, to finde the baſe, 


P:5 Ob, 5 JNthe ſame triangle y Ry, let the 


angleat & and the angle at ++ be gi- 
. Q; ven,tofindethebaſeYS: continue 
of S& theſidesforwant of fufficient dare, 


's od 
 .- R 


{; the FAY Of A B the vg d r 772 

of the Soto ancle BS A I ©9290 35 7 1943316495. 
Pr to the whole ſine B & . go O © 10000.0000 
ou Þ S the cotangent of t e | 
ſer angle 5 V SE #3 31 30 ame 
Tos & thecofine of thebaſe VF 39 o © T9937.5 306 
The ſame diſtance of the Sunne againe, 


Caſe x1, ANGLES, 
3) either fide and the angle oppoſite thereto, to finde the other 
angle, 
INtheſame triangle Y Ry, let the greater fide YR and the 
greater angle x oppoſite thereto bee given, to finde the leſſer 
ingle adjacent to the ſides given:continue the ſides as formerly. 


Log. 


ARIES >" Abt; Fr ppg 44:27 Hay 
7 en. vm 55-4 
ts: tt o* Ha 


VERS, 3 APES Ls 
we - er oteitticg egy * 127 ry = Aer hens 


" 
wtes Mn oe 
>" th". a(t ; þ : " ae 2 
; y- . : | + 7 ; 99 th woo ia ag af ; " CESS | OST. af & 
” ap a ae. h ” > Sh $5 E I8-5 I eo STIR IS. £292.48 es I Be RO vid on 
OD Herr ES VEAL EE 2 oth OY Roy rh Do OE SURG Y 


CR er EDIT 
Karyy S455, « 


Pear hs Pc; yutitommngy 
2 *. aapgge os » 
3 oe OE OE _g . oy , 
C : PANRINAVEL 49; facet thens.... nao, 4" II} Ob Carnage 2 
A _ K WS ru "*L'2 +; ed eat VR i ”*. le Calc 
”" ab 3 EIes IE. di wb x VO LS de th 6 . nt TA 
\ b q - = : L 


: Ar AP B, whoſe meaſure :; 


Re, the coſine of the> 274.53" 43") 9946-256; 


greater fideV R T 
st0 A B the coſine of the | ; þ 
7 greater angle B 5 C 69 20 353 95 47-491 
So & the ſine of eA B LO 90 Og Og 1 2000,0000 
Tothe fine of A P equall to , 
 $ of the meaſarevof the 23 31 30 9E01.135} 
angle DV &£ h 


The greateſt declination of the Sunn, 


Secondly, let the lcfler ſide x R be given, and theleſler angle 
Y oppoſite thereto,to finde the greater angle x; adjacent to the 


_ fide given, by continuation as afore. 


As PS the coſene of the leſſer Log. 

. des R. I1',30 43"; 9991-1740 
Ts to the ſine of PS & 90 ©o Oo 1 0000.0000 
Soi PS the coſint of the leſſer 

angle &z 21-30 9962.3153 
To PIS theſine of the grea- TH 
 teranftle 5 69 20 35 9971-1413 


The angle of the ecliptick and meridian, beean] e the tw 
 _werticall angles be the ſame, Do ol 
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P Caſe 12. 
By exther fide aud the angle adjacent to it, to finde the anole 0990. 
tie ro that ſide. I —- | bil 
]N thefame triangle V' RE, let the greater angle x bee given, 
andthelefler fide & R,to finde the leſſer angle oppolitether. 
o : continne theſides as formerly, 


W 
e 4, 


\ \ 
inlay - 
v 
YP 
% 
% 
%* 
4? 
**? 


As the whole fine © A 99*4,00' 00” To0000.0000 
1110T P the coſpne of the leſſer | - : 
fide & R Ii 30 435 9991.1749 
905A B the fine of the grea- 
terangle A&B 69.20 353- 9971-14t3 


TP &3 the coſine of Þ &/E the 
meaſure of the leſſer angle 
SV A 23 31 30 FXx9962.3153 
T he greateſt declination of the Sunne as afore. 
Secondly, let the lefler angle Y and the greater ſide y R bee 
ven, to finde the greater angle & oppoſite thereto, by conti- 
Wation as afore. | 
Irthe fneof ABP © 999.00'00” T0000,.0000 
i tothe fine of A P equall to Þ oE = = 
the meaſure of the leſſer angle 2 3 31 39 9601.1353 
0uthe ſine of A ÞP B whoſe mea- 4 
ſures R &E the coſine of the 


greater fide V R ' 27 53 425 9946.3565 
'AB thecoſine of B C the mea- . 
ſure of the greater angle & 69 20 35; £9547-4918 


The angle of the eclipiich and meridian as afore, 
Calc 
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| Caſe 13. 
By the baſe and one angle, to finde the other angle, 


[| N thefame triangle V RE, let the baſe V & be given, and the 
greater angle &,to finde the leſſer angle Y * continue the ſides 
as formerly. 


He) 'B 


UT1 
=ot! Q"..,. 
4 
"7, o 
, 
SRETT po 
= IT - 
hw... 
- 
= , 
> 
_ 
- 


As the whole ſine & B 90.00' 00” 10000,0000 
Ts to's & the coſine ofthe baſe V's 3o 00 00 9937.5300 
So 75 the tangent of B A the mea- 
ſure of the preater angles 69g 20 35, 10423.6495 
To PS the cotangent of x5 e the OO, 
me4ure of the leſſer anole 23 31 30 10361.1801 
; The greateſt declination as aforg, 


_ _ Secondly, let the baſe Y & and the leſſer angle yy be given, to 
finde the greater angle &, bY continuation,&c, 
Log. 
Ars S the coſine of thebaſeV'& 304,0' oo” 9937.5 306 
Ts to PP GT the Corangent of 5 o/E (0H 
the meaſure of the angle V 23 31 Zo 1IO0361.1801 
So: the whole fine of 1 go ao. 00 10000,0000 
To the tangent of B A the meaſure . 
of the greater angle 5 


, 69 20 357 10423.049 
T he angle of the meridian and echiptick, 
72 GR OY 
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Caſe 14. ; 
By the baſe and cither fide, to finde the angle comprehended by 
them, : 
[N the ame triangleY RV, let the baſe + & and the greater 
idey R be given, to finde the leſſer angle Y @mprehended 
by them : continue the ſides as formerly. 


gs 
GY 4 +, ® 
Io. " 'Y > 
« ; Z y on” 
C5 |-- > DP Wy 
CF 2 
Aithe tangent of G D equall Tog- 
Re N r; 
tY'& zo', o o 9761.4393 
Ii to the wwole fine D A 90 oO Oo 19800.0000 
Sos the tangent of F & equall 
VR 27 53.425 _9723-7546 


Toe Athe coſine of &D equall 
to A 55 the meaſure of the 
anole V 23 31 392 F9962.3153 
The preateſ} declination as afore : or as tangent R &E 19 
to the ſine /Z Þ, ſo ts the tangent © © tothe ſine SP, 
Secondly, let the baſe V &' and thelefier fide & R bee given, 
bfinde the greater angle & comprehended by them ; by contt= 
ation of che ſides as afore. | 
{: the tangent of I C equall ta Ln 
the baſe VG 309,00 00' 9761,4393 . 
Ito the whole ſine CoA go OQ 00 10000,0000 
ts the tangent of P B equall ta 
the ide & R I1 30 433 9308.9315 
'3 A the coſine of B C 
the meaſure of the greater 
"ples 


69 20 353, 9547-4519 
The angle of the mirigan ang Coli! , 
LT D 2 GLUE Io 
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LA IF. 
By By the baſe and either fide, ro finde the angle oppoſite to that F7 


dy bY the ſame triangle VR v, let the baſe bee given Y | x 
the leſſcr ſide v R, to finde the lefler angley oppolite there! 
by continuation of the fides, as fore, 


4 
4 
*, 


. 
-% 
X 
\ 
W * 
FO. 


y R 
[ 
Logar, 
As the fone of the paſe V & 204 o' oO” ' 9698.970 
1; to the fine of the Leſſer EY 
fide's R 11 30435 9399.105 
So 2s the whole finer 53 00 ©: © 10000.000 
To to the ſine of 5 «AZ the mea- \ —— 
ſere of the leſſer angle 22 31 26 | _aeot.110 


The Sunnes greateſt declination 


Secondly let the baſe * 5,and the greater ſide vR be givel 
to finde the greater angle x oppoſite thereto, without cont! 
nuation, &c, 


Logar, 
A's the fine of the baſe y 5 30! 00' og” 9698.970 
[s fo the ſine of Rx 90 O©O o0 3 0000.0000 
So 75 the ſine of the greater T 
jdeVR | 27 53.42% | 96701000 
To! "44 fine of the greater an- | eo 
NS R | 69 20 355 g971.141 


The angle of the hound meriazan, as os 


_ b, Yr 0% Re” OO Dn 


an 
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Cale 160 
By both the ſides, to finde either oblique angle, 


N the fame trianzle Ry, lt the greoter fideY R,and the 
_ leſſer ſide R be oth given, to finde che leſſer angle 3 con- 
Uue the ſides as formeriy. 


© P*. 
'$ . * FF C2 : I | 
© W ES | O 
= ; NY of - no 
As the ne of the greater _— Logar., 
je K 7 .27"53 42 53 - 9670.11I1 
| I:ro the tangent of the leſſer | : 
fide 5 R 11 30 43; 9308-9312 
So 18 the whole fine VE 90 oo oo I 0000,0000 
To the tans of «AE © the mea- : 
ſure of the leſſer angle V 23 31 30 9638,8920T 


The Sunncs greateſt declization AS afore, 


Secondly, let both ſides be given, as afore, and the greater 
angle & be tought, by continuation as formerly, 


Logar. 
As the ſue of the leſſer ſide 5s R 11530 4353 93001052 
fito the tangent of the greater FT 
fide RV 27 53 423 9723.75 46 
So i5 the whole fone 5 H | $0 ©0 00 I 0000.0000 


To the tangent of H G the mea- 
ſure of the greater angle ©” 69g 20 355 © 10423.5494 | 


T he angle of the ecliptick and circle of declination as afore, 
| D 3 | OF 


1004p rr oy 
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oO CHE ok ——_— _ —_—} —_ 
ll. th. Oe Oe OOO 0 ——E— — Cs. —— 


—— CCOACISS —— CEE - OS I —_ 
m— 


OF OBLIQVE TRIANGLES. 


Caſe 1, 
By the three ſides,to finde any of the angies, 


IN theſe oblique triangles there are 1 2 Caſes and threeſcore ya- 
ricties ; but becauſe there is little uſe of them in this Treatiſe, 
and they arealready learnedly demonſtrated by Mr, Hezry Gel. 
" Ubrand in Trigonom, Brittannica ; I will only give examples of 
the Caſes, and leave the ſeverall varietiesto every mans private 
practice. - = 
Ler the triangle P Z S repreſent three great circles of the 
Sphere: P Z part of the meridian of the place between the pole 
and zenith, P S part of ary other meridian between the pole & 
the Sun, & Z Spartof any azimuth between the zenith and the 
Sunne. And let the three ſides be given, vizt.P Z 38d. 28' the 
complement of the latitude, P S 704. o' the complement of the 
declination, and Z S 40d. o' the complement of the Sunnes al- 
titude ; to finde any ofthe three angles. 


Let the fide oppoſite to the angle required bealwayes firſt in 
the operation ;and then therule is. - Adde the three (ides toge- 
ther, out of halfe the ſummeſtudtratt every ſide, ſo have you 
the differences _; the Arithmeticall complements of the Loga- 
rithmes of halfe rhe ſumme & difference of the baſe added unto 
the Logarithmes of the difference of the other two ſides, give 

- >2 nuinber, the halfe wlicreof is the Logarith, tangent of halfe the 


2ngle defired. 
&*) ., | IP 2s. Wn 
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» 
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The baſe P $ 704, © 
Z $ 40 © 
The fiae's ZP 38 28 
The [umme 148 28 Logar. 


The halfe ſum 74 14 o016.6551 NI 
Agr ar” þ n en 835 a © Arith. compl, 
34 14 97501723 
Diff. of the ſides 25 46 = 66.7739 
Totall 20665.43679 
The halfe 10332,7183 Ts the Logarith, tan- 
gent of halfe the angle 65 4,4 12'70 
The double ts theangle Z 130d,8 25 523 


Thus may you finde the angle P to be 31 d. 31' 43” 42,it you 
make Z S the baſe 40d. 0o', inſtead of PS 70d.o. 

Ando alſo the angle S tobe 30d. 24'6' 98,if you make Þ Z 
the baſe 38 d. 28', inſtead of PS, 70d.o, ; 


Caſe 2; 
By the three angles, to finas any of the fiaes. 


INthe ſame triangle P ZS,let the three angles P, Z, and Sbe 
-iven, to finde the three ſides, Z P, Z S, andP S, This caſe 1s 
but the converſe of the former,and the ſides turned into angles; 
wherefore let the angle oppoſite to the ſide required bealwayes 
firit in the operation, then 1s the rule the ſame. 
 ___ Addethe threeangles together, out 
= of halfe the ſumme of them ſubtract e- 
very angle, ſo have you the differences ; 
the Arithmeticall complements of the 
Logarithmes of halfe the ſumme and 
difference of the angle oppoſite to the 
ſide required, added unto the Loga- 
- rithmes of the difference of the other 
wo angles,give a number, the halfe whereof is the Logarith. 
tangent of halke the ſide deſired, 


D 4 | Angle 
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The anole oppoſite $ 304 24' 7 
, nd $3 37 1436 
The other angles I Z 49 51 348 Compl. 
Theſumme 11I 47 2490 Locar. 
 Thehalfe ſumme ' 55 53 4245 0081.9631 | 
Differ.of the angle 8 25 29 3545 0366-1239 © Ar comp! 
Diff of the angle T6 21 [5.003 9615.4977 
Diff of the augle Z G6 2 #757 9021.7911 
Totall 19085.3758 
Thehalfe 9542.6879 Ts the Lo- 
garith, tangent of halfe the fide 19* x4 
The double i5 the whole ſide PL 38S 28 


Thus may you finde the fide Z S tobee 40d. o', if you make 
P the angle oppoſite to theſide ſought, 3 1 d. 31'43” 42 inſtead 
pES 204. 24 7”, 

And ſo alto the ſide PS tobe 70d. ©, if you make Z the an- 
2le oppoſite to the ſide ſought x 3od. 8' 25” 52 inſtead of S 3ad. 
24 4 | | - 

w, ate, becanſe 49d, 5 1' 34" 48 is the complement of the obtuſe 
angle Z to 180 4d. therefore the number found 1 the cot angent of 
halfe the fide $ P deſired. | 


Caſe 3. 
_ By any angle and the two ſides oppoſite to the angle given aud 
ſonzht, to ſinde the other angles, 


JNrhe ſame triangle P Z S, let the acute angle S, with the fide 
©Z P oppoſite thereto, and the fide P'S oppoſite to the angle 
tought begiven, to finde the obcuſe angle Z. 


Tn all ſphericall triangles whatſoc- 
ver, the fines of the ſides and fines 
of the oppoſite angles are proportio- - 

_ nall one totheother,andeontrary:/) 
the16 and 17 of the 4 book of Rog 


0101t. " 2" 
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Log -- 
As he fm bovr ang PZ z8' 28' o' 0204.1683 Ar.com, 
Irt« the fine of the au- 6 
gePSZ 39 24 7 9704.2046 
So nthe ſrue of the fide BE jo oO o 9972.9858 
To the ſine of the an- | - 
gePZS 13o 8 25; x9883.3587 


Ori9 4, 51' 3455 i the ſame ſine OW Fg for theob- 


tale and acute angl e. 


And{o of the other angle, giving thefide Z Sin Read of ZP. 


Caſe 4, 
By any ſcae and the two angl: "F oppo ie to rhe | des given & PORE 


to finde the other rwo ſides. 


[N the ſame triangle P Z S, let thcfide. P Zand thetwo angles, 
S oppoſite to the fide given, and Z oppoſite to the ide ſought, 
de gIven,to finde the ſide P ip 


Z This caſe is but the converſe of the 
former, for inall ſphericall triangles 
the fines of the angles and of their op- 
poſite {1des are proportional one to 
C 2 theother, by the ſame 16 and 17 prop- 
of the 4 vook of Regiomont, © 


As the / 1 of the Aj | Logar, 

gePSZ z0* 24 7” 0295,7954 Ar.comp. 
[ito the jjne of the 

oppoſitefide PZ 38 28 © 9793-8317 
Jo 5 the ſrne of the 
anole PZS 130 8 nn 9883 358707 49* JI "34% 


To the fone of. 4be. | - 
oppoſite ſide F$-. 70 0: © 19972 9859 
And ſo may theother {ide bee alſo found, giving the angle Du 
| Read of Zor 'S, 
Caſe 5 


' 


The Art of SHaDovves 


>» 


42 


Caſe 5. 
By two fides and the angle comprehended, to finde the the 


angles. 


TN the ſame triangle ÞP Z S, let thegreater ſide P S, and one © 
the leſſer ſides ZS, andone of the acute angles S coinprehen 
| dedbee given, to finde the other acuteangle P, or obtulc an 
gleZ. 
-4 


KF 


This caſe and the reſt that follow, muſt bee reſolvedby hel! 
of a perpendicular, which may fall both within and withou 
the triangle, reducing the oblique triangle into two rightan 
gled triangles : wherein oblerve, 

x Thatif theangles at the baſe (upon which the perpendicu- 
lar alwayes fals)be both of one kind, theperpendicular will fal 
within the triangle, as in the firſt variety : but if of divers kinds, 
the petpendicular will fall without the triangle,as in the ſeconc 
variety ; and therefore the kinde of the angles at the baſe mul 
alwayes be known. 

2 That inthis caſe the baſe is one of the ſides given adjacen 
_ tothe angle ſought, and the perpendicular muſt alwayes fal 
from the extreame ofthe other ſide given, upon the baſe con- 
_ tinued, if there be cauſe, 


| The proportionals. 

es the Radins, 

1s to the coſine of the angle given, 

So zs the tangent of the hypotenuſa, : 

To the tangent of the baſe between the angle given and the per 
penaicalar, 


Secondly: 


# : 
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Secondly, Pr” 
;the fine of the baſe between the angle givey and perpendicular, 


a; to the ſine of the baſe between the angle (pught and perpendie 
Cc ular y AO ven 
014 the tangent of the angle given, 7 
To the tangent of the angle ſought. 
Logar, 
Astheſineof ZR S gol, o' of Tooog.0000 
Isto the colineof ZSR 3o 24. F7F2_£ 9935-7574 
G isthe tangent of ZS 4o o o 9923-8135 _ 
To the tangent of RS 35 53 385 X9859.5709 
F* 0 0 
PR 73 6 +5 
Secondly, Logar. 
AsthefineP R 341, 6' 21'5 0251.2498 Ar.com. 
Istothe fine S R- 35 53 3853 9768.09 
Gisthetang, of ZSR 30 24 7 9768.4472 
Totlietang, of ZPR 31 31 43: &9787.8079 
1 —_ Logar. 
kstheſine of P RS g90%.o' of T0000,0000_ 
tothe coſine ofRPS 31 31 43} 9930.6323- 
Soisthe tangentofkPS Jo o o 10438.9341 
Tothe tangent of PR 66 52 38 10269.5664 
PZ 3335 0 
ZR 48 24 30 
Secondly, | Togar. 
As the fiheof ZR 28",24' 38 0322.5882 Ar.com. 
5totheſineofP R 66 52 38 9963,6309 


vis the tang. of SPR 31 31 433 9787.8079 
Tothe tang, ofS ZR 49 51 34; 1 0074.0270 
Therefore SZP 130 8$ 25+ 


'E | 
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 - Caſe 6, 
By two ſides and the angle comprehended,, to finde the oth, 
Þ the ſame triangleP ZS, let the greater fide P S, and one9 


the lefler ſides P Z, and the acute angle P comprehended be 
given, to finde the other {ide Z S : or ler the two lefler ſide 


 ZP,andZS, with the obtuſe angle Z comprehended be given 


to findethe greater fideP S, 


{4 Z 
GE: £' EE en, 
T | . N | | \ Pd P 
i Fa * —> i» : 2 A 
: d T9990 | 
| : Tn A 
| Oo 


In this cafe alfo the baſe is one of the ſides given,andthe per- 
endicular muſt fall from the extrcam of the other ſide given, 
and continued if there be caufe ; and therefore may fall indit- 
ferently, from Z or Sin the firſt variety, and from P or inthe 
ſecond variety, but whether within or without the triangle, the 
firſt of the former cautions will dire you. 


The proportionals, 
eAs the Radins, | 


Ts to the coſine of the angle grves, 
So is the tangent of the hypotenuſa, 
To the tangent of the baſe between the ſide given :and the per- 


pendicular, 
| Secondly, 
rs the coſone of the baſe between the fide given and perpendicular, 


7s to the coſine of the baſe between the fide ſought and perpendi- 


cHalar, | 
So 25 the coſine of. the frde grvenz 


.\) To the coſine .of the ſide ſought. W_, 
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 - Logar. 
as thefineof ZR p gol, ! of To0000.0000 
[5 to the coſineof ZPR 31 31 433 9930-6323 
Fo isthe tangent of ZP 38 28 o  9900.0865. 


To the tangent of RP. 34 6 21% =X9830. 7183 
P3. 70 & 


KS: 34 82 335 Z 
$ econdty, | Logar. 


Azthe coſine of PR 341, 6 21'5 oo91.9687 Ar.com. 
Isto the coſine of SR 25 52 385 9908.5401 
So is thecoſine of ÞP Z 38 28 © 9893 7452 


UNITS Been,» — cls ons wy A ——_—_ 9” CITI—_ - A 


Tothe cofine of SZ 4ygo o © Fx9884.2540 


II _ Logar. 

Asthefine of ZRS go*. of 0” I0000.0000 
Istothe coſine of RZS 4951 34- 9809 3327 
ooisthe tangent of SZ 40. o o 99 3-8135 


To the tangent of R Z 28 24 38 © £9733-1462 
EP 38 28 0&- 


RP -: 64 52 38 
& econaly, Logar. 
As the coſineof ZR 28.24 38 ©0055.7344 Ar.com. 
| &to the coſine ofPR 66 52 38 9594.0645 
$015 the coline of ZS 4o © © 9884.:539 
Tothe coſine of P S 70 © 0 , £9534.,0528 


Con 7; - 
 Þy two f des and an m Bunk Tn. to finds the other 
angl ES, 
N the ſame trianzleP Z S, let the two leſſer files ZP and Z S, 
and the acute angle! P adj:cent to thefide Z 2 bee given, to 
inde the obruſe andle Z, Oclet the greater (fidePS, and one 
of the lefſer ſides Þ Z, and the 9bcuſe angle Z a.ljaccat co the 


lie P Z be given, to finde the acute angie P, 
, -— 


46 The Art of SHAD OVVES: 
In this caſe the baſeis alwayes the fide unknown, and the 
, perpendicular muſt fall from the angle ſought, upon the baſt 


continued, if there be cauſe ; but whether within or withaut 
_ therriangle, the caution ofthe fift caſe will dire you, 


The proportionals. 


ec the Raain, | 

Ts to the coſine of the fide adjacent to the angle grven, 

So 75 the tangent of the angle given, 

To the cotangent of the angle between the ſame ſide and the per- 
pendicular. : 


Secondly, 


| As the tangent of the fide oppoſite to the angle given, 
Ts to thetangent of the other ſide adjacent, 
$9 2s the coſine of the angle laſt found, | 
To the coſine of the angle between the ſide oppoſite and the per- 
pendicular, — 


I Logar, 
As the fine of Z RP 90%. O' oO TI0000.0000 
Is to the coſine of Z P 38 28 © 9893.7452 
So is the tangent of APR 31 31 43: _ 9787.8079 
To the cotang. of PZR 64 20 35 X29681.5531 


Secoxaty, Logar, | 
As the tangentofZS 4qof o' o' 10076.1864 Ar,co!. 
Is to thetang. of ZP 38 28 .0 9900,0865 
So is thecoſineof PZR 64 20 35 9636.4720 


-I—A— 


To the coſine of S ZR _65 47 5r F961 2.7449 
Therefore SAP 130 8 26 
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Þ 7 | Logar, 
As the fine of g R P 907 O' 0” '10000,0000 ; 
[to the coſine of Z P 38 28 o on. 


Sis rhe tangent ofRZP 49 51 345 10074.0258 


Tothe cotangentof RPZ 47 7 264- 9967.7710 


Secondly, Logar, 
As the tangent of SP 70% © o' o9561.0658 Ar.com? 
Istothe tangent of ZP 38 28 © 9900.0865 | 
Soisthe colmmeok RPZ 47 7 265 9832,7732 
To the coſine of SPR #78 39-10 29 293.9 255 
Therefore BES 31: 31 40% © 
Note that when the perpendicular fals within the triangle, the 


ſumnme of the verticall augles of the two right angled triangles 
« the angle ſought ; whenit fals withont, the difference of them. 
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Caſe 8. 
by two fides aud an angle adjacent to either,to finde the other ſcde: 


[Nthe fame triangle P Z S, let the two leſſer fides ? Zand ZS, 

and one of the acute angles & adjacent to the fide Z & bee gi- 
en, to finde the greateriideP F, Or let thegreater fide P $,and 
oneof the leſſer ſides Z S, and the acute angle P adjacent to the 
de Þ & be given, to finde the other ſide Z DP. 


''G 


anus 
ananvens?* 


ocauaeus =” 


In this caſe the baſe is alwayes the fide ſought, and the per- 
endicular maſt fall from the oppoſite angle upon the baſe con« 
ed if there be cauſe. ; but whether within cr withour the 
flangle, the caution of the fift c:@ will dire yolk 
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The proportionals. 
es the Radins, 


Ts to the coſine of the angle given, 
So is the tangent of the ſide adjacent to the angle given, 


To the tangent of the baſe between the perpendicular and the av. 
gle gwen, 


Secondly, 


As thecoſine of the ſide adjacent to the angle given, 


Ts to the coſine of the ſide oppoſite to the angle given, 
$2 & the coſine of the baſe between the perpendicular and the anglt 


knows, 


To the coſine of the baſe between the perpendicular and the angle 


unknown, 
It Logar, 


As the ſineof ZR S 907%. o' Oo” I 0000.0000 


Is to the coſine of ZSR go 24 7 | $935.9594 
So is the tangentofZS 4o o o 9923.8135_ 


To the tangent of RS 35 53 38; X9859.5709 


Secondly, TLogar. 


As the coſine of 7 $ 40% o' o' OI 15.7461 Ar,com. 
Is to the coſine of ZPÞeo38 28 o 98937452 
Solsthecolineof P.S 35 53 385 9908.540r 


To thecoſineof RP82_ 34 6 21; .. +F9918.0314 
Therefore SP 70 0 © Fo 
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II Logar, 
akxtheſine of PRS go of a 10000.0000 | 
|; to the coſine of RP S 3x 31 43: ' conn 393 
Gis the tangent of P S 70 0 o 1Ig438.9340 
Tothe tangent of PR 66 52 38 70369.5664 
AY econdly , | Logar, | 
kzthe coline of PS 70* & 0* 0465.9484 Ar.com, 


Istothe coſine of Z S 40 0 © 9884.2539 
foisthe colineof PR ' 66 52 38 95 94.0645 


To the coſine of ZR 28 24 38 X9944.2668 


Therefore ZP 38 28 o 
Note that when the perpenaicular fals within the triangle , the 
ſumme of the baſes of the two r1ght angled triangles, :s the ſide 
ſonght ; when it fals without, the difference of them, 


| | Caſe 9. | 
Tj two angles and the fide comprehended, to finde the other an- 
gles, 
IN thefame triangleP ZS, let the obtuſe angle Z, & the acute 
angle $, and the fide Z S comprehended bee given,to find the 
other acute angle P, Orlet the rwo acute anglesP and S, with 
theſide P $ comprehended be given,to find the obtuſe angle Z. 
 Inthis caſe the baſe may be either of the ſides unknown, and 
Weperpendicular muſt fall from one of the known angles upon 
the baſe continued if there be cauſe: and therfore may fall indit- 
rently from Z or S inthe firſt variety ; and from Por Sin the 
cond variety ; but whether within the triangle, or wichour, 
the caution ofthe fift caſe willdirect you. 


The proportionals. 
As the Rad, 
li to the coſine of the fide comprehended, 
L 5 the tangent of the angle at the baſe, | 
0 the cotangent of the anole between the perpendicular and ſide 
FEVER, | 


E Secondly, 
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Secondly, 


As the ſine of the angle between the perpendicular and fide known 
Ts tothe ſine of the angle between the perpend. and ſine unknown 
Ss zs the coſine of the angle at the baſe, 


To the coſine of the angle deſired. 


5 P 
en NJ FC 
CT 75 \ | 
\ 2 
> Þ —__ i Cel L : 4 
F& * ; ix | 
: [ : Logar. 
As the ſtneof ZRS 90* & © I 0000,0000 
is to the coſine of Z S $0 ©. © 9884.2539 


So 1s the tangent of ZSR 3O 24 7 9768,4472_ 
To thecotangentofSZR 65 47 51 @X9652.7011 
SZE!\n30 58 26. 
KEEP! 64 20 35 


A | econdly, Logar, 


As the GneofRZS 65447 51” 0039.9565 Ar.com, 
Ts co tbe fine of RZP - 64 20 35 9954.9188 
— SoStnecolineof ZSR 30 24 7 99357574_ 
Torthe colincof ZPR | 31 31 43; x9930,6327 | 


: Eo Logar. - 
Asthefineof PRS got o © rTo000,0000 
Is to the coſine or P'S 30 0 0 95 34,0516 


So 1s the rangentrof PSZ zo 24 7 9768.4472 


To the cotangentof SPR 78 39 10 TF9302,4988 
1EPS 31 31 437 


14PR yo 7 26 


Secondly, 


As thefineof SPR 78" 39' 10” o008.5733 Ar.com. 

Is tothe fine of ZPR 47 7 265 9865.0022 

Sis the coſineof RSP 30 24 7 _ 9935.7574_ 

To the cofineofk RZS 49 51 345 4980943329 
Therefore PZS 130 8 25% 


| 


Lid 


Cate 10... 
By two angles and the fide comprehended, to finde the other ſides, 


N the ſame triangleP Z S, let the obtuſeangle Z,and the acute 
angle P, with the leſſer fide Z P comprehended be given, to 


finde the other leſſer fide ZS. Orlet the obtuſe angle Z,and the ' 
acute angle S, with the leſſer fide Z $ comprehended be given, 


to finde the greater (ide PS, 

In this cafe the baſe is alwayes the third ſide, neither given 
nor ſought, and the perpendicular muſt fall from the angle g1- 
ven adjacent to the ſide ſoughtupon the baſe continued if there 
tecauſe, but whether within the triangle or without, the cau- 
ton of the fift caſe will dire you. 


/ F * / 
ov; i 
i | nn 
The proportionals, 
As the Rading, 
ls to the coſine of the ſide given, - 


bo 75 the tangent of the angle at the baſe, 


to the cotangent of the anole between the perpendicalar and the 


| fdemwven, 
CI 


E 2 __ -. Secondly, 
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Sccondly, 
es the coſine of the angle between the perpendicular And ſide 
ſonoht, 
Ts to the coſine of the angle between the perpendicular and ſul 


geven, 
So 75 the tangent of theſiae given, 


To the targent of the ſide ſought. 


E 

5 Lo 
As thefineof ZRP go" © ©” 10000.0c00 
Is to thecoſine of Z P 28 238 © 9893. 7452. 


So1sthetang zenrofZPR 31 31 435 9787. 8079 


To the cotangent of Þ Z R 64 20 35 AX9681.,5531 
PZS 130 8 25: 


RZS 65 47 50* 


Secondly, Logar, 


As thecolineof SZR 65*©47 50"; 0387.25571 Ar,com, 
Is .o thecoline of P7R 64 20 35 + 9636.4720 
So isth= tangentof ZP. 38 28 o g9g00,0865 


To the tangent of ZS 40 o © Y9923.8136 


| II Logar. 
AzthefineofPRS| | 90. o © 10000,0000 
Is ro th coſine of Z5S 409 ©O © - 9884. 2539 


So 18 tne cangent otSZR 49 5I 34; _ 100740258 


io the corangent of 7 OR 47 44 52 x9958. 2797 
C0 30 24 7 


y a Logar, 


As the coſineof PSR 78.8 59” 0687.496: Ar.com- 
Is :o :he conc of ZSR 47 44 52 9827.6244 
Sq 15 Te tangentror ZY 40 © O 9922, 8135 
To tic iangenr of P'S To o. 0  rogik 9340 


Caſe[11, 


BY ; : d 5 . ch : FE . Sed - 
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Caſe In. 


By two angles and the fide adjacent to either, to finde the other 
angle, | | 


þ the ſame triangle P Z S, let the twoacuteangles P and S, 
1nd the ſide Z S adjacent to the angle S be given. to finde the 
O%tuſe angle Z. Or let the obtuſe angle Z, and one ofthe acute 


mngles P, with the fide P S adjacent to the angleP be given, to 
fnde the acute —_ S. 


In this caſe the baſe is alwayes oppoſite to the angle ſought, 
nd the perpendicular muſt fall from the angle ſought upon the 
baſe continued if there be cauſe ; but whether within the trian- 
lc, or without, the caution of the fift caſe will dire you. 


__ 

/ \ P : 

{- >p Fn? 
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| The proportionals, 

MA;the Randi, 
I; to the coſine of the ſide geven, | | 
$1 i5 the tangent of the angle adjacent to the fide given, 
To the cotangent of the angle comprehenaed by the perpendicular 


and the ſide grven, 


Secondly, 
As the coſine of the angle adjacentto the ſide given, 
Is to the coſine of the other angle given, 


$7 & the ſine of the angle comprehended b 'y the perpendicular and 
fade known, | 


To the ſine of the angle comprehended by the perpendicular and 


| fide unkuown, 


E2 As 
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I 
Logar, 
 Astheſineof ZRS 9g0"%.o o”' 10000.0000 
Is to the cofine of ZS 2 0 O 9884.25 39 


So is the tangentof ZSR 30 24 7 _9768.4472. 
To the tangenrof SZR 65 47 53 X£9652.7011 


Secondly, l 
| - Logar. 
As the cefineof ZSR 301,24 7” o0064.2426 Ar,con 
Is to thecoſineof ZPR 31 31 43: 9930.6323 
So is the fineofRZS 65 47 51 g9960.0435 
To the ſineofk RZP © 64 20 35 X9954-9184 
Therefore SZP 130 $ 26 


I 1. 
2 Logar. 
As thefine of PRS = o' 0” 100000000 
Is to the coline of P S WO 0 95 34.0516 


So is the tangentof SPR 31 31 43? 9787-8079: 
To the cotangent of PSR' 78 8 59 X9321.,8595 


Secondly, 
:  Logar. 

As the coſineof RPS 31431' 43% oo69.3677 Ar.com 
Is to thecoſineotRZS 49 573 34: 9809.3327 

Sol the ſineof PSR #78 8 59 9990.64 44. 
Tothefineoft ZSR 47 44 52 X9869.3448 


 ThereforeZ SP 30 24 7 


Note, that when the perpendicular fals within the triangleyth 
ſumime of the vertical angles of the two right angled triangleryu 
the angle ſought, but when it fals without, the difference of 


them, 


Caſe 12. 
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Caſc 13; 
By two angles and the ſide adjacent to either, to finde the other 
ſides. I 


N the ſame triangle P ZS, let thetwo acute angles ÞP and S, 

with the fide Z P adjacent to the angle P bee given, to finde 
the greater ſide PS, Or let the obruſe angle Z,and one of the 
acute angles S, wirh the fide PS adjacent to the angle $ bee gt- 
ven, to finde the Icfler fide Z S. 

In this caſe the baſe 1s awayes the fide ſought, and the per- 
| pendicular muſt fall fron the angle oppſite to the fide ſought up- 
on the baſe continued if there bee cauſe ; but whether within 
thetriangle, or without, the caution of the fift caſe will dire& 
you, — 


The proportionals. 


eAsthe Radins, 

Itro the coſine of the angle adjacent to the ſide FIven, 

$0 15 the tangent of the fide given, 

To theitangent of the baſe between the perpendicular and the 
fide given, 


Secondly, 


4s the rangent of the angle oppoſite to the ſide groen, 
ls to the tawgent of the angle adjacent to the fode grven, 
do 5 the fine of the baſe between the perpendicular and fide known, 
To the fine of the baſe between the perpendicular and ſide un- 
Wha, CEPT TEM ws OOO TT : 
S 
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T ns 
Logar. 
As thefineof ZR P gol, &f of 10000.0000 
Is to the colineof ZPR 31 31 43; 9930-6323 
So isthe tangent of ZP 38 28 © _ 9900.0865 _ 
To thetangent of RP 34 6 21; £9830.71 88 
Secondly, | 
Logar. | 
As the tangentof ZSP 30i24' 7 10231.3527 Ar.com, 
Is tothe tang, of ZPR 31 31 43; 9787.8079 
So is the fine of PR 34 6 21 9748-7501 
To the ſineof S R 35 53 38x 29768-1107 
Therefore P'S I 0 © 
$14 0] 
Logar. 
As thefineofPRS g0* oO O' 10000.0000 
Is to the colineoftPSR 30 24 7 9935-7574 
Sois the tangent of PS 7 o © 10438 9341 
Tothe tangent of RS 67 7 13; 10374,6915 
Secondly, 
Logar, | 
As the tangent ofRZP 49i51' 34's 9975.97 42 Ar.com; 
Is tothe tang. of RSP 3o 24 7 _ 9768.4472 
So1s the fine of SR 67 7 133 9964-4123 


To the ſine of ZR 
Therefore Z $ 


40 © © 


27 7 133 @9658.8337 


Note that when the perpendicular fals irbou triazple, the 
ſnmme of the baſes of the two right angled triangles Zz the fide 
fought ; but when it fals withont, the diffence of them, 
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"Dus. IV; 
he explanation and making of the fundamentall Scheme, 


wp His Scheme repreſenteth to the eye the true 
and naturall fituation of thoſe circles of the 


the better conceived, 
Suppoſe therefore, that the Globe elevated to the heighth of 
thePole, bee prefſed flardowne into the plane of the Horizon, 
then will the outward circle or limbe of this SchemeN ES W 
repreſent that Horizon, and all the circles contained in the up- 
per Hemiſphere of the Globe may be artificially contrived and 
repreſented thereon, asare Azimuthes, Almicanters, Meridi> . 
2ns, Paralels, Equator, Ecliptick, Tropicks, and circles of Poſt- 
tion, &c, Which are thus diſtinguiſhed in the Diagram, 
Let Z be the Zenith of theplacs, and center of the horizon- 
tall circle NESW, letN Z'S be the Meridian, P the Pole of the 
world. elevated above the north part of the. Horizon N, here ar : 
London, 51 4%, 32/;the complement whereof is P Z 38*. 28, 
thediſtance between the Pole and the Zenith,E ZW theprime 
verticall,D Z G and C Z V any other intermediate Aztmuthes, 
NOS acircle of Poſition; EK W the Equator, the diſtance 
whereof from Z is equall to P N the hergth of rhe Pole, orfrom 
Sequall to P Z the complement thereof, » B Q 7 the Tropick 
or paralell of ,p F # the Tropick of 72, and BR Q an Almi» 
Canter, or paralell to the Horizon : Thereſt of the circles inter- 
king eachother in the point P are the Meridians or houre- 
arcles cutting the horizon and other circles of this Diagram fo 
ithe Scheme; as they do in the Globe it ſelfe. 


# 


| Amongſt theſe, the' Azimuthes only in this projetion be- 


tome [treight lines, all the reſt remaine cucles,' and are greater 
: F LE op 


AS. ' : | | 
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or leſſer according to their naturall ſituation in the Globe, By 
| theſtreightlinesare repreſentedall erect planes, whether dire& 
or declining; by the greatcircles,all the reſt, both Jacent, recli. 
ring, and declining reclining, which for more plainneſſe fake, 
may thus particularly be deſcribed. | 
Welt 


EZ W the prime verticall, or Azimnth of Eaſt, and 
- repreſenteth all South and North planes, which at@ perpendi 
cular to the Horizon, and crofſe the Meridian ar right angles, 
N Z S the Meridian or Azimuth of South and North, zepreſent 
ethall Eaſtand Weſt planes, which are perpenqienlar to-tlic 
Horizon, as the former, and cut the prime verticall atriplitan. 
glcs; DZ Gan Azimuth lying between theſe cardinali paints, 
 repreſenteth any declining plane, which is alſo perpendicular 
co the Horizon, but cutteth the Meridian at oblique angles,from 
whence the Poles and axis of the plane C.Z V deviatethas mich 
as the plane it ſelfe D Z G declineth from the prime.vertitall; 
and rheſebe all rhe varieties of ereft planes. 1: 13 7 rl 
There are furthermore three ſorts of reclining andinclining 
planes, and they are either North and South reclining, orBaft 
and Wcftreclining, or declining reclining. 15:eolang 
Thefirſt ſort is repreſented by the Equator, or prickt circle 
EK W, which cutteth the Meridian at rigHht angles, Dut' recll- 
neth from the Zenith5 19. 32', equall to the latitnde of the 
place, and lying open to the North, and the Poles thereof inthe 
+ North part of the Meridian, is therefore called a Nofth recl- 
ning51 9. 32' from Z to K, and juppole this circlebeing tur- 
ned over, to fall between Nand Z, it thenrepreſenteth a South 
reclining as much. Theſecond ſort is repreſented by the circle 
of poſition, or prickt circle NOS, which curteth theprimever- 
ticall at right angles, but reclineth from the Zenith 40 4, and ly- 
ing open to the Sunne-riſe, and the Poles thereof in the Eaſt 
part of the prine verticall, is thercfore called an Eaſt reclining 
40 4.from Z toO, and ſuppoſe this circle being turnedover, to 
fall een Z and E, it then reprefenteth a Weſt reclining a8 
Mmuzn. , | TRE 7 one 20 3 
 Thethird fortis repreſented by the prickr circle D A G,vith 
cutting C Z V the Azimuth and'axis of the planeD Z G atright 
angles in A, is oblique to all the reſt ofth: circles;but recline 
yp ; . from 
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from the Zenith 35 d. and lying open to the North as the for 
mer, and the Polegthereof in the Northern part of the heavens 
is therefore called a North reclining 35 d. from Z to A, upo 
the Azimuth ns by the Poles of the plane CV, declining 
| 30d.fromNandS, to C andV, and ſuppoſe this circle being 
tarned over, to fall between C and Z, 1t then repreſenterh ; 
South reclining declining as much. 

Theinclining planes of all forts are but the oppoſite ſides o 
the reclining, being the ſame counted from the zenith & nadir, 
or their complements, reckoned from the Horizon, and arere- 

- preſented by the yery ſame circles, the reclination and inclina- 
tion of both being arches of the ſame Azimuth, paſſing by the 
Poles of theplane, comprehended betwixtthe Zenith or Nadir 
andthe plane, asis Z Kfor the Northdire, Z Ofor the Eaſt 
dire, and Z A forthe North declining, ſo that whatſoever 

| ſhall be ſayd.of the one, may alſo be underſtood of the otherre- 

;ſpeAively. The-Jacent plane or horizontall is repreſented by 
the limb or outwardcircle of the SchemeNESW. 

; Laſtly, the circles. croſſing each other in the point P, and 

-: continuedto-the Horizon, are the Merjdiansor houre-circles, i 

” ſning from the-North Pole, ind propertlytnterſe&ting the North 

* ſidesvf theplanes EZ W and D Z G, whenlſoever therefore 

y90 deale with South planes, you may turne theSchemeabout, 

* 7nd ſuppoſe P zo bee the South Polez, and:-E-Z W to bee South 
plane, xvhich-before was a North, orelſe invert the order of the 
ſides {nd hottres, en rhe Eaſt fidefor x Weft, &c. and it 


will ſerve the turye as agds. ? - | 
The making of this $cheme is eaſfie ; take £04, of the leſſer 
chord AB, and Withthatſemidiameter draw the circle NESW; 

__ eroſſeitarrizhtangles in Z, with the lhesNZS, andE ZW; 
* thatdone, ſtecke'the place of the Pale at P, thorow which the 
houre-circles mult paſſe ; tlie EquinoRiall pointatK, the Tro- 
picks at 7 and F, the reclining circle at O, and thedecliningre- 
clining at A ; all which may beefound with reſpect to the Ze- 
nith or horizon. The Zenith in the mareriall Sphere i the Pole 
of the Horizon, and Z in the Scheme is the center of the limbe 
repreſenting the ſatye, from which point'the diſtance of cach 
circle being given both wayes, as itlyeth in the ſphere, and ct 
.  *P- > wpon 
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apon the azimuth, or ſtreight line of the Schem proper there- 
unto, you may by helpe'of the naturall tangents of halte their 
arches.give three points to-draw each cirgle by ; but if the na-_ 
tarall tangents of both diſtances from the Zenith bee added to... 
gether, the balfe thereof ſhall bee the ſemidiameters of thoſe- 
circles defired. The reaſon why the naturall tangents of halfe 
the archesare here taken, which ſeldome comein uſe, may bee 
made plaine by this diagram, whergjn makingE Z the radius, 
$Z Nisa tangentline thereunto, upon which if you will pro- 
 je& the whole ſemicircle S W N, it is manifeſt by the worke, 
that every part of the lines Z N, or Z S,can beeno morebut the 
tangent ofhalfe the arch deſired, becauſe the wholeline ZN, or . 
2 $,being the tangent of 45 d.but halfe ofthe quadrant is equall | 
tothe Radius Z E the ſine of the whole quadrant : but a further _ 
reaſon may be givenout of the 5 3 of the x of Pzzsſcr,or the 20. 
ofthe 3 bo, of Exc/id, where itis proved, that all angles in the 
circumferenceare but halfe the angles inthe center, and there- 
fore W E A but halfe the angle of W Z.A, and W E Bbuthalke 
fWZB ; if then E Z of the fundamentall Schem bee Radius 
1000, Z P ſhall bee 349 the naturall tangent of 19d, 14' the 
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halfe of 38. 28, the diſtance between the North Poly and the 

. Zenith, in our latitude of 5 1 d. 32/;and Z K ſhall be 483'thena. 

turall rangent of 25 d. 46' the halfe of 51d. 32' the diſtance 

between the Zenichand EquinoRiall,equallto the heigth of the 
Pole ; in like manner Z # will be 249 the naturall tangent of 
14d. o',Z F willbe765 the naturall rangent of 37 d.'26', ZO 
willbe 364, the naturall tangent of 20 d. ©), and Z A 115 the na- 
 turall cangentof 15 d, 30' halfe the arch of each circles diſtanes 
from the Zenith, Having fornd theſe points on the one fide of 
the Zenich, you muſt ſceke the oppoſites to them on the other 

- ſidealſo, which in all great circles,as are EYW,EK W,SON, 

_ and D AG,arethe complements of the former to go d. where. 
fore the diſtance between the Zenith and the North Pole being 
349 thenaturall tangent of 19d. 14 halfe thearchof 38 d.'28; 
the diſtance between the zenith and the Souch Pole ſhall bee 
2865, the naturall tangent ofqgo d. 46', the cotnplement of the 
former ; halfe the archbetween the zenith and South Pole ZS, 
beitig 90 d. and. the South Pole 5 14. 32 under the horizon, 
adde theſe two tangents together, and you have the whole di- 
ameter of thar circle 3215 the halfe wheteof is 1607, that is one 
radius andneere 51 hundred parts of another, is the ſemidiame- 
ter or diſtance of the center Lfrom the Pole P, to which width 

_ open the compaſſes,and et off the diſtance P I. either by help of 
theline A 10, B 10,equall to the radius Z E, divided by dia- 
gonall lines into roo parts, (as in the x Chapt.) or by the help 
ofa ſector, opened to the widthof ZE, and therewith draw 
the circle W PE, for the ſix of clock houre. Thus may you by 
the North and South diſtance of the Equator from the zenith, 

_ findetheſemidiameter of the circle to bee Kd 1277, and the 
center thereofatd. Inlike manner the ſemidiameter of the re-- 
cliniag circle NOS tobefo 1555, and the center thereof atf, 
the ſemidiameter of the declining reclining circle DA G,, to be 

Ag, and the center thereof at g, and ſo may any other great cir- 


, 


cle whatſoever be drawn. | 6 
- » Now as you have found the ſemidiameters of theſe circles by 
their diſtances from the zenith, ſo may you allo finde them by 
their inclipations to the horizon : for ſeeing the naturall tangent 
of any arch, and halte the complement thereof to go d. is ever- 
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more.equall both:to the ſecant of the ſaid arch, and alſo to-the 
ſemidiamerer of the circle deſired, by the 3o of 5 b. of Fink;e, 
Gram} Rotondi, you may eaſily prepare a table,(as inthis exam- 
ple): wherein the ſecants themſelves of each circles inclination 
tothe horizon, are the ſemidiamerers fought for ; ſo ſhall 1 507 
theſecanrof5 1 d, 32', the inclination of the fix of clock houre-- 
' circle to the horizon,be the ſemidiameter LP,by which to draw 
thatcircle W PE, atid 1277 the ſecant of 38d. 28', the inclina- 
tion of the Equator to the horizon, ſhall bee the ſemidiamerer 

d K, by which to draw thecircle W K E, and fo of all greatctr- 
"cles, butnotof theſmaller. 


Eo 


TH + 

| Reclinate L The - | Inclinate The { Their | The {&- | 
from the| arches. [to the .| arches. |Secants, | midia-. | 
zenith, | —— {horizon. | . |meters, | 

ZP | 389.28 | PN. 5fd,z2'| 1697, LP: | 
LK wy :/5:T .J2 K.$ | 28 28 | I 277 # d 1 
-Zy0;.449;,0 } OW |5o of 15v FE 

Z A | 35 0X 155 oO | 1743 | Ag 

ZZ T2368 1 5 5 {07 6 | 20 £0 | 
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The Tropick of S is diſtant from the zenith on the South 
fide 284, 1', the halfe thereof is 144. 0o'z, the naturall tangent 
whereof 249 being ſet from Z to ?, giveth thepoint t in the 

Meridian, by which that paralell muſt paſſe; on the North (ide it 

 diſtantZ N god. and under the horizon 14d. 57' more, the 

whole diſtance is 104 d. 57, the halfe whereof is 52d. 295, 

_ and the natural! tangent thereof 1 302, added to the former tan- 
gent 249, giveth the whole diameter of that circle 155!', whoſe 
halfe 776.js the ſemidiameter c R deſired, and R the center to 
draw that circle by. Thus may you finde the naturall tangent 

_ of Z For 2P to bee 758 onthe Sonth ſide, and on the North fide 
4 05, therefore the whole diameter 4758, and the halfe thereof 
2334 the ſemidiameter FI, by which to draw the Tropick of 2 

_ ÞF4, and thus may any other paralel belikewiſedrawn. The 

Circle BR Q repreſ:nteth an almicanter of 35 d. above the ho- 

FE 1 Es | : . TizON, 
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rizon, therefore 5 5 d, from the zenith, whoſe halfe is 27d.;30; 
and the naturall tangent thereof 520, which taken of the feRor, 
or line dividedas aforeſaid, giverh the length of Z.B, or:ZQ, 
theſemidiameter of the almicanter defired. The ſtreight lines 
C Z A, or D ZG, are putupon the limb, by help of the chord, 
30 d.diſtantfrom the cardinall points NE S Wand mult croſſe 
each other at right angles in Z, repreſenting two azimuthes e- 
quidiſtant from the Meridian and prime verticall, * _ 
Laſt of all, the houre-circlesare thus to be drawn ; firft ſeek 
the center of the ſix of clock houre circle as formerly dire&ed, 
whoſe diſtance from Þ or E will alwayes bee the ſecant of the 
_ heigthof the Pole, making ZE the radius, and is found at Lup- 
on the meridian line continued by ſetting the ſecantof 5 1 d.32' 
fromP to L, which crofle at right angles in L, with the line 
8 L4, extended farre enough toſervethe turne ; makeP.L the 
radius, then ſhall 8 L 4 bea, tangent line thereunto, and thena- 
turall tangents of the EquinoQiall houre arches, viz?, of 258 fox 
T5 d. of 577 for 30d, of 1909for 45 d, of 1732 for 60, :andof 
37:2 tor 75 d, ſet both wayes from L to 5. and 7, 4 and's, &c, 
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ve the true centers of thoſe houre circles, andthe 'ſecants of 
yors for 1x5 d, of x 5s for 30 d, and of 1 414 for 2900 equall 
o5 P, 4P, &c. ſhall bee theſemidiameters of the houre circles 
efired, as by this demonſtration may appeare.-Lerth nce 
-in the ſecond houre from fix C D P E, whoſecenter will bee 
nd two honres diſtantfrom 12, make P A the-radins, then 
all AB be a ungent line thereunto, and 577 the naturall tan- 
zent of 30d. ſet from the point A, ſhall give the center at B, 
and B P x 85s the ſecant of 30 d.ſhall bethe ſemidiameter of the 
arcde CDP E. To prove this, the center muſt of neceſſity be 
nthelineD Z B, becauſe it is perpendicular to the ſabtenſe of 
hat houre circle CZ E, ſuppoſe in B, ,then muſt BC, BP, 
and B E be equall, which cannot be denied, if their ſquares bee 
equall, bur the ſquare of B E is equall co the ſquares of E Z, ZA, 
and AB, and the ſquare of B P 1s equall tothe ſquaresof F Z, 
Z A,and A B, becauſe A F,and AP, are equall: laſtly, Z E,and 
ZF, are alſo equall, therefare the ſquares of BE, and BP, and 


quently the point B the true center, and B P the ſemidiameter, 


we now cometo the Artof Dialling it ſelfe, which is firſt con- 


ledat large. | 
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Cna?. V. OC. 
An abſpratt of the Art of Dyalling, by which briefe view of the 
' ſeverallPlanes,and what & requiſite in every of them,the reſt of 


o 


 Hheworkis better underftood, and more eaſily performed. 


MY/Pge LL great citcles of the Sphere projeRted. UPON 
N©@ any plane howſoever ſituated, become.ſteighe 
WA Na lines, which arethe common ſeRtions of thecir- 
F\ \4a cles and the plane, :(as C/vixe inthe 1 1 of his 


© \3 firſtbooke of Gnomonices demonſtrateth) from 


ol 
oe 


3 
$-E: 


ery Dyall, (being great circles of the Sphere) drawn upon 


i 


by which to draw the periphery CD PE, the houre defired.. 
The ſchem,theHnes,and circles thereof, being thus made plaine, ' 


WUg>TEI hence it followeth,: that the houre lines of e-. 


by the famereaſonof B C, which was to be proved, and conſe- 


tated into afew generall rules, and then the particulars hand- 


any 
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| EE ohetAry of Dialling conſiſteth in the artificial : k 
ontof theſe lines, and their diſtances each from othet,' which 
amtitually vary, according to the ſituation of the plane , a 


Fx, Paralellto thehorizori, asis the horizoneall only, - 
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—_— ; -Reclining andinclining; 
"3fores| Jnclining 0c mir(a North and South. 
the | cerather re. PP 90d 
me) » JRediningandinelinin, 

C 


\ the zenith, |: - --. 
Or declining reclining and incli- . 


. 
- 
« 
. 


bk LC ning planes. 


Tocontrive the houre lines upon theſe ſeverall planes, there 
are certain ſphericall arches, and angles of great circles, in num- 
ber ſix, which muſt of neceſſity beeknown, and divers of thele 
arc in ſome Caſes given,inothers they are ſought, 
I Thefirſt isanarchof the horizon betwixt the meridian 
and zinuith, paſſing by the poſes of the plane, whichis rhe de- 
clination, asS D, or N C, in the Schemes, Chap, 5.1 7,1 8,8: 
2 Theſecondis an archof aptearcirele, perpendicular to the 
plane, comprehended berwixr the zenith andthe plane, which 
the reclination, as Z H,Z G, and Z E, in thegreater-Schems, 
Chap. 1 5, andtheſe two arcuſually given, ſo" oft as they come 


l : 5: bs Rs +, 


m queſtion, or may be found bythe rules of the 1.0-Chap 


3 Thethirdis awarch ofthe plane, betwixt the meridian and 
wc horizon, preſeribing thediſtance 6fthe x» -of) clock (houte 
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bam the a Pu line, asÞP B, and O B, in the lefſer Schemes, 
"hap.15, and 16. _ ee DE OI. 
be fourth is an arch of the plane, betwixrt the meridian 
1d the ſabſtile, which limits the diſtance rhereoffrom the x 2 
flock honre line, as O R in the ſmaller Schemes of the 26,1 + 
id 19 Chap. aforeſaid.  *'. 5 
5 The fift isararch of the great circle, perpendicular to the 
ylane, comprehended betwixr the pole of the world, 'and the 
plane commonly called the heigth of the ſtile, as P Rin theſayd 
Schemes, hs ” 
6 Thelaſt is an angle at the pole, berwixt the two meridi- 
ans, the one of the place, the other ofthe plane, (taking the ſub- 
ſtile ia the common ſenſe for the meridian of the plane) 28 is 
RPO, in the diagrams of the Chap. 16 and 7. nag, 
| 2 Farſt fort horizontal, = 

Inthe firſt ſort of theſe planes, there is nothing required,bur 
thearch of the meridian, betwixe the pole and the plane, which 
isthe heigth of the pole jit ſelfe above the horizon, and. is al- 
wayes given, as Þ N in the Schem, Chap. 6, 


Second ſort Eaft and Weſt. 

In the ſecond fort of planes, the dire& Eaſt and Welt have 
nopole elevated, nor any of theſe arches neceſſarily required, 
but the houre lines being paralels, are contracted, and enlarged 
from the length of theſtile. | 

| North and South, L 

In the North and South planes, the arch of the meridian be- 
wixt the pole and the plane, is the complement ofthe former, 
detwixt thepole and the horizon, which is therefore given, as 
? Z in the former Schem of the 6 Chap. and the arch of the ho- 
1zon, betwixt the meridian and the plane, is awayes 90d, as 
NW,or SE, in the Schem aforeſaid. 8 


Decliners. - | 
Butin ereAdecliners, three things are to be ſought, beſides 
the arch of the horizon, betwixt the meridian and rhepoles of 
the plane, which is the declination; andis uſually given. 
-1 Thefirſt is the arch of thegrear circle betwixt the pole of 
the world and the plane, commonly called the heigeht m ws 
| liC, 


v 


- 
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Rile, as PR in theſchem, Chap. 10, andis thus found. 
As the whole fine Z S inthe ſame ſchem, | 
Tv to the coſine of the declination sS G, 
So # the coſine of the elevation Z Þ. - 
To the fine of the heigth of the file P R, by the 1 of the 1 Caſe if 

. R.S. Triangles, : in 

2 Theſecondis the arch of the plane betwixt the meridian 
and the ſubſtile, as Z R in the ſame ſchem. _— 
eA's the cotangent of the declination $ E, 

' '75t0 the tangent of the heigth of the file P R, 
yo# thewholefineC Z, 

To the ſine of the arch of the plane R Z, the diſtance of the meri. 
diaz andſubffile, by the ſecond of the fourth, caſe of RY, Tri 
—_—_ | | ; 

2 The third is the angle betwixt the two meridians, the 
one of the place, the other of the plane, as Z P R in the ſame 
ſchem. 
As the coſine of the elevation P Z, 

Ts to the fſineof god, PRZ, 

So the fine of the arch of the plane betwixt the ſubſtile and mt 
ridtanR YZ, : 

To the fine of the angle at the pole betwixt the rwo meriaiant 
Z Þ R, by the ſecond of the fifteenth caſe of R. $, Triangles, 


_ Third fort, 

- , Inthethird ſort of planes, the dire& reclining North and 
South, have the arch of the horizon betwixt the meridian and 
the plane, and thearch of the plane betwixt the meridian and 
horizon, alwayes go d.a$is SE, or NW, and A E, or BWin 
the ſchem Chap. 1.3. and the inclination of the plane to the ho- 
rizon NEA, or thereclination thereof from the zenith Z EA 
1s uſually given, only the arch of the meridian betwixt the pole 
and the plane is ſought for. 2 


; South rechiners, 
 _ Thefamein South recliners is found by ſabtra&ing the recl- 
nation outof the complement of the elevation, when.itis leſle, 
(as Z Coutoft Z P,)orthe complement of the elevation out 
of it, (as Z P out of Z A,) when itreclines more than the va 
Nort 


T- i. pd 
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+ & . Northrecliners, 
But in North recliners how farre ſoever, adde the comple- 
nent of the elevation to the reclination, (as PZ to Z F) the 
zogregate under 90d, or the complement thereof to 1 80d, a« 
boye 90d. is the heigth of the pole deſired. _ . | 

| | Eaſt and Weſt reclining, 

- Indire reclining Eaſt and Weſt, the arch of the horizon 
betwixt 'the meridian and the plane, is alwayes 180 d. as is 
SW N,crNE S in theſchem Chap. 12. andtheangle of incli- 
nation of the plane to the horizon W NO, or the reclination 
thereof from the zenith, which is an arch of the prime verticall 
ZO,is —_ g1ven, therefore we ſeeke, 

'1 Thearc 


of the great circle,betwixt the pole of the world 
ind the plane, which is the heigth of the ſtile PR in the ſchem 
aforeſayd, FE - EE . 
As the whole ſineN Z, . 
Isto the fone of the elevation IN P, 
So 4 the frne of the reclination Z O, _ 
Ta the ſine of the heigth of the ſtile Þ R, by the firſt of the firſt 
Caſe of R. S, Triangles. SE TRIS eG 
2 Thearchof the plane betwixt the meridian andthe ſab- 
ſtile, as is N R in the ſchem aforelayd, 
As the tangent of the reclination 20, 
Ir to the tangent of the hezgth of the ſtile P R, 
So is the whole ſue ON, © CET 
To the ſine of the arch of the diſtance of the ſubſtile fromthe me- 
; ridiay R N, by the ſecond of the fourth caſt of R S.Triangles. 
3 Theanglebetwixt thetwo meridians, which is RP N 
n the ſaid ſchem. | 
As the ſine of the archof the meridian-betwixt the pole and the 
horizon P NN, : 4 
Ts to the ſine of god, P RN, 
So ts the fine of the arch of the plane betwixt the ſubſtile and the 
meridian RN, © o 
To the ſine of. the angle at the pole betwixt the two meriazins 
RP N, by the ſecond of the fifteenth caſe of R, S.T riangles. 
s Declining reclining, 
In declining reclining planes let the arch of the horizon be- 
- : tyvixt 
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ewixt the meridian and the poles of the plane, S Dand NC, 

' or NDandSjCwhichis the declination, - and the arch of' th 

great circle, perpendicular tothe plane, betwixt the zenith ang 

theplaneZ G, Z H,or Z F, whichis the reclination, (asin th 
ſmaller ſchemes, Chap.-15, 16, and 17.) bee alwayes given, 
then muſt the other arches and angle be ſought, _ | 

x Thearch of theplane berwixt the meridian and horizo 

PB, and OB, in the ſchemes aforeſaid, and eLe, and AO, in 

the {mallerſchemes, Chap. 1 8, 19, 20. —_— 

es the whole fine Z Cin the South, and Z D un the North at. 
cliners, 

7: tothe tangent of the declination CS, or C N in South, and D\ 
in North | 

So zs the res f rhe reclination Z G,Z H,or Z F-inboth, 

To the tangent of GP and Ga, HO or FO mm both, | whoſe COM. 
plements P BandOB, eAeand AO ave the arches dejred, 
by the firſt of the fift caſe of R,S, Triangees. | 

Polar decliners, and Equinottall dechners, 

'2 Thearchof the meridian betwixt the zenith and the plane; 
which in polar decliners(whoſe planes paſle by the interſeRion 
ofthe equator and meridian) is equall to the heigth of the pole, 
and in equinodiall decliners (whoſe planes paſle by the pole: 
of theworld) is the complement thereof, as is Z e Chap. 18, 
_ 1 P inthe lefler ichem Chap, 15, in all the reſt it is thus 

und, - | ” 

As the coſine of the declination S B and N B inthe Sonth,ov AS 
## the North decliners, | | 

Ts to the ſine of the arch of the plane betwixt the meridian and hi- 
7120n O Bore A Owmboth, 1. 

So :5 the ſine of the reclination Z Hor Z F #n both, 

To the fine of the arch of the meridian berwixt the zenith and the 
pane Z O mwoth,by the fifteenth of the fourth of Regiomont. 
or the ſecond of the fourteenth of Finkius. 

 AddeZ Oto Z P in North decliners, and take Z O ofttof 

ZP, or Z Pout of Z O(whenthere is cauſc) in South decliners, 

and there remainesP O in them all, the arch of the meridian 

betwixtthe pole of the world and the plane. 

3 Thearchofthegreatcirde betyixt the pole and the plane 

I FEE Eo 
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TOO called Schon of whe ile, a8 PRinthefotmer 
themes, Which in equ S Ta tothe axis, 
n the reſt 1s thus found, . if 4] - # 

4; the fine of t the arch of the plane | on 56 the ending and # IR 

rizon O B inthe South, and A « and A O.mn Noreh dechners, 

; to the coſone of the declination B NM a6 ES 18 Soxuk or AS 

i North, dechwers, RES 

114 the ſone of the arch of the merkdine berwixt the pole aud the 

flereOP,avte'Þ in both, \ ADY1 + 

71 the ſine of the heigth of the ſtile P Rs 17 both, by Fs FEoeth of 

the rw books of Regiomant. wr cheſecond of the fenrreenth 

Finkius. | 

7 arch of the plane betwixt the meridian and: the Gib- 

file, as O Rand. R:inthic former ſebemes, which in polar de+ 

diners is alwayes.g0 d. and in equinoRtialldecliners.is alwayes 
equall to the angle, between 8 ing two meridians, is thus found, 
d:the whole ſine, + LS SL 

Ito the ene of the latitude, 

$9 £pae tangent of the declination, , 

To tne tangent of the ang berweet the two meridians. 

Ip all the reſt thus. 
drthe cotangewt of the declination. B N and BS n #76 S oxth, 

. oeA $ inthe North, | = 

7110 the tangent of the beigth of. the file RP indork, 

os the coſone of the arch of the meridian betwixt the Sewitis and 
the plane N O,or $O, and Seinbotb, ' 

To rg ſine of the. arch of the plane betwixt the meridian and Du 
file RO and Rein both, by the thirteenth of the Jouertecnth of 
Finkius, -. 

5 The angle betwixt the two nerbdians OP Rin the fore- 
ad ſchemes, is found by thisont generallrule in all kindes. 
As the fine of the arch of 7ebe meridian \betwixt the pole' and the 

plane P O and Pe, © 

Is ro the ſine of 90 d. P RO,ardP ; OE 

9” 4 the fine of the arch of the plane: Permuet the ſulfite and me- 
ridzan OR, audeR, 

To the fnevof the angle betwsxt Sr meridians OPR, bythe 
þ 'f and ſecond w; the fiftcenth caſe of R S, Triangles, IT 

Ic 
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72 The Art of SHaDovwes: 
Theſe things being found, the houre lines for all: kinde 
nes are calculated by theſe two Canons : 


 Thefirſt for all paralell houre lines, 1s the ſecond caſe of j 
plane Triangles. _— 
As the Ravi © £ 
Ts to the length of the ftile in any hnown parts, 
So ix the tangent of cach houres equinotitall diftance from the ſul 
To the ſame hogres diſtance upon the equinettiall in parts of th 
> 
gonna ſecond ſerves for all the reſt, which is thefirſt of t 
fit caſe of R.S. Triangles. 3 
As the whole ſine, ed anda 
Is to the fone of the heigth of the pole above the plant, © 
So # the tangent of each howrer diſtance froni the ſubſtule upon tl 
 equinotlial, 1: : To 07 
To the tangent of the ſame houres diſtance from the ſubſtile ups 
the plaxe, | 3 
This have you for more readinefſe ſake the whole doctin 
of Dzall;ng contracted into a ſheet of paper. 

' Tnow come to the making of the particular Dials, 1n num 
ber 25, as Y/ittakindus and others following him have recke 
ned them, which C/av4#s in the ſecond Chapter of his G»ome 
nices reduceth to 17, denominating the planes and Dialsfror 
nine great circles of the Sphere, to which they are parelell, an 
allowing to every plane two faces, except the horizontall ; bt 
becauſe the Diall ofeach face ofevery plane is one and the ſam 
(dy which reaſon there ſhould bee bur nine ſorts of Dials ) an 
that the divers ſituation of the ſame kinde of planes. enforcet 
a differing projeQion of the houre lines, as they are right, ot 
lique, or paralel] to the axis of the world, Iretaine thenumbe 
but take liberty to depart from the diviſion. And further, I de 
nominate each Diall and plane from the ſite of the axis, andre 
 tþe& of the poles thereot, it being tnoſt agreeablein all (but th 
horizontall)to the vulgar names,by/which they are beſt know! 
but chiefly becauſe I finde that C/avizs in the aboveſaid Chap 
ter is forced (tor more plaineſſe ſake) to do the ſame, who be 
ſides the paralelliſine of each plane, deſcribeth the ere&t pon 
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The Art of SHaADdowves. 73 
by the ſite of their poles, the inclining planes by their reclinati- 
on, and the declining inclining by the ſite of the poles and re- 
elination, ſo hee calleth that plane whoſe face reſpe&eth the 
South, but deviateth from the prime verticall Northward, a 
South declining Eaſt, which 1s the true {ſituation of the pole 
thereof, whereas it is manifeſt, that the plane it ſelte declineth 
o much from the Eaſt Northerly, as the pole doth from the 
Guth Eaſterly,ſo he calleth inclining to the horizon,that which 
reſpeReth the zenith, and che South or North parts, whereas all 
inclinations looke down to the Nadir, and the reclining parc 
efthe planeup to the zenith, wherefore I call the horizontall, 
rerticall, becauſe the pole rhercof lieth in the vertex, or zenith of 
the place ; the verticals I call South and North direa, becauſe 
the poles of the plane lie in the South and North part of the ho- 
ron ; the meridian plane call Eaſt and Welt dire, becauſe 
the poles thereof lie in the Eaſt and Welt partof the horizon; 
the equinoQiall I call polar, becauſe the poles of that plane lic 
inthe poles of the world ; and the polar I call equinoQtiall, be- 
cauſe the poles thereof lic in the equinoctaall, andfſo of the reſt, 
Laſtly, I call all planes whoſe upper faces reſpect the zenith, re- . 
liners, and only their oppoſites incliners, whole nether faces 
bok down to the Nadir, 


The names and number of the Dials, are as followeth. 


1 Ferticall, or Horizontall, 
2 South and North aire, | 
3 Eaſt aud Weſt diet. : 
4 South and North declining Eaſt or Weſt, 
5 Eaſt and Weſt direft reclining or inclining, 
6 Equinottiall or South reclining, or mclining to the pole, 
7 South direlt reclining, or inclining leſſe ? ” © I 
8 South airet reclining or inclining Wag OS 
9 Polar,or Nerth reclining, or inclining tothe equator, 
10 Worth dirett reclining, or tnclining lejſe 4 than the 
It North atreGt reclining, or inclining more \, equator, 
12 Equinottiall, or South declining Fab or Weſt, reclining er 
zaclining to the pole, ry 
G- 13 South. 
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13 Sonth declining Eaſt or Weſt, reclining or inclining al 
the pole, | 
14 Shark debcain g Eaſt or Weſt, reclining OY inclining #1 
. thepole. \ 7 
i5 Polar, or North declining Eaft or Weſt, reclining or 
cling to the interſeftion of the meridian and equat 
16 North declining Eaft or Weſt, reclining or tnclining ah 
the interſeftion of the meridian and equator, 
17 North declining Eaſt or Weſt, reclining or incluntng #1 
the interſeflion'of the meridian and equator, 
Note that in the making the particular Dials, I do ſometi! 
differ from theſe generall Canons, for varieties ſake, 
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CHaPe. VI. 


To draw the houre lines upon the verticall, - commonly called 


* horizontall plane, the elevation of the pole being given, 


\ 27 £115 plane, in reſpet of the poles thereof, wh 
=—W lic inthe vertex and nadir of the place, may 
SIO. called verticall ; in reſpet oftheplane it fe 
VOOR PAY which is paralell to the horizon, horizont: 


#7 Howlſoever it betermed, the making of 


in manner following. : 
The Demonſtration. ? 


. 


Tn thisparticular (chem adfoyning, which is ſo much of 
_ Fandamenrall ſchem as 1s pertinenr to this purpoſe, let NES 
7 bÞethehorizon, NZ Sthe meridian, E Z W:theprime vertic 
%* Ex W theequator, Þ the North 'pole, and Z the zenith... 
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ohre circles croſſing at P,fall upon the horizon at the oin 
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ore circles creſling at Þ,fall upon the horizon at the ointsp fo 
1, 10, 9, I; 2, 3, &Cc, limiting the diſtance of each houre line 
:om the meridian upon the plane, according to thearches of y 
orizon NI1,N 10, N 9, &c. which by the ſeverall triangles 
P1i,SP10, SP 9,0r theirverticals NP 11, NP 10, NPg, 
nay thus be found. Becauſe every quarter of the horizontall is 
like, you may begin with which you will, and refolve each 
joures diſtance either by the ſmall triangleNP rr, or by the 
wadrantall A P 1 1, ({uppoſing the equator and meridian to be 
continued, till they crofle each other at A, without the limb) or 
by the verticall trianglesxP 11, andNP 17, togectheras they 
je inthe ſchem, ſuch ts the variety of triangles. The arithme- 
call calculation the triangle Þ N 1 1. The fide PN is given, 
he heigth of the pole above the horizon, 5 1 d. 32', andthe an- 
leatP 18 given, one houres diſtance from the meridian, whoſe 
mealure in the equinoQRiall A rx rt, is 15 d, andtheright angle ar 
Nor A is alwayes 90 d. whereforeby the firſt variety of the fift 
ale of right angled S. triangles, ” 


7 im 
As the ſine of P AN 11 | 90*.0' | 10000,C9/ 
I:to the tangent of the angle N P11 15 0:  waaFor 
ſou the fine of the ſide P N $1.38 - LT. 
Tothe tangent of the fide IN 11 I15: &#9321,79 / 


Or againe, you may finde- the ſame arch by help of both tri- 
neles together, NP 11,andzP 11, becauſe they be verticall, 
nd their like tides proportional. 


Log. 
For as the ſine of Þ & 90%, & hs + 
to the ſine of P N 3-0 34 9893-74 
os the tangent of 11 13 09 9428 ted, 


othe tangent of N L1 Ii ST 49321.79 


Secke in the Canon at the end of the booke for the tangent, 
321.79 Logar. and you ſhall finde the arch anſwerable there- 
11d, 51'torthe firſt houres diſtance off r, and 11, on cach 
le of the meridian, and thus mult you jn all reſpes finde the 
LE - G 3 "diſtance 


Eph Sg 


' appeare. ; 
Log, 
Pers Bo D 1 0000.00 
A 10 the tangent of _ g0 © 9761.44 
y Ta 
P N the fine of £32 9893.74 
Thich added to A 10 
Grveth the tangent of N 10 24 20 9655.18 
But ſubtratt A 10 out of the 
Razdins and P N,there will 
COme forth the tangent Ji En | 
IN 4 at the ſame work © 5 34.36' 0132.30 
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diſtance of 2 and 10 of clock, by reſolving the triangle NP x, 
by the ſame caſc, and of 3 and 9 of clock, by reſolving the tri. 
angle NP 9, and lo oof thereſt, wherein as theangleatP, eq. 
creaſeth, which for rwo houres is 30d, for 3 houres 45 d, for 4 
houres 60 d, 2nd for «, houres 75 d, ſo will the arches of the ho. 
rizon N 10, N 9,N . and N 7, proportionally vary, and giy 
each houres true diſtance trom the ineridian, which is the thing 
deſired, and becauſe every 6 houres is 90 d, diſtance upon th, 
equinottiall each from other, you may at the ſame worke find; 
11 and5,10and 4.9 and 3,8 and 2, & 7 and 1 of clock,by ons 
addition, and fubtraRtion,or two additions at the moſt, which 
will ſomewhat allo ſhorten the work, as in this example maj 


The realon whereof 1s manifeſt in the ſchem aforeſayd 
wherein the equator being continued, to crofle the merici1an at 
A, and the hourc line the equator at xo, the proportion ſtand 
eth thus :; 
As the greater fine A P, 

j« tothe leſſer ſine N P, 
So 7s the greater tangent A 16, 
To the le ſſer tangent N 10, 


which produccth 24. 20o' for 10 of clock, by addition. but! 
you put the radius in the ſecond place, which you may chang( 
a pleaſure, becauie it 1s meane proportiomall berween the tan 
gentof thearch, and. complement,by the 25 of the 5 of Fink 
then will the proportion be, 4 


F. 


AE Me hdeas-4s <—_ . : 
ER ae er ND oo od ET ABORT oe, q TEST. An td > ONS RET 
£4 59% RE I IS TIER: r F- , SEE. 4 < 


The Art of SHaDo0WvEs. : 


As the leſſer tangent A 10, 
[s to the greater fine A Þ, 
Sox the leſſer fine P N, 
9 the geater tangent N 4, 
Thich Seth 53 q. 36', found by ſubtraQion, for 4 of clock, 
being 6 houres diſtance from 10. - 
To perform this by addition only, the proportions. bee the 


fame for both houres. = Logar. 
For 4s the whole ſine eA P 90", ol 1 0000.00 
| A 10 30 | O 9761.44 
Is to the tangent of < or 
| A 4 60 , © 10238,50 
Sorgthe fine of PN 51 32 9893.74 
N1io 24 20”: mus 


of \ or 
ON 4 53 36 10332,30 


And thus having ſhewed divers wayes to calculate ſome of 
the houre diſtances, (which vary nothing ar all from the reſt) 
andalſo how the proportions are naturally deduced out of the 
chem, I will nuw ſhew a briefe way to obtaine your deſire, 
which would have been both obſcure and prepoſterous, with- 
out underſtandins thercaſon of the work, by thc former dire- 

(ons. | ; 

Firſt therefore prepare a table, according to the example ad- 
joyning, wherein ſer down all the houres in order from 1 2, as 
they are equidiſtant from the meridian,vst. 11 and 1, 10 & 2, 
9and 3, &c. unto them adjoyne the equinoAtiall diſtances, that 
is, for the firſt houre 15 d, for the ſecon4 houre 30d, for the 
third, 45 d, and ſo of thereſt, by continuall addition of 15 d. 
then take out of the Canon upon a loole paper, the Logarithme 
or artificial] ſine of the elevation of the pole above this plane, 

which for 51 d. 32', the heigth of the pole here at London, is 
$8 93.7452, and is alwayes one of the middle proportionals ; 
mn finding out every houres diſtance, apply4t to 9428.05 24 the 
Logar. tangent of 15 d, in the booke, (which is the firſt houres 
e£quinoctiall diſtance) and adde them both together, there !Hall 
Come forth a new Logar. tangent of 9321,7976 tor thathoures 
x diſtance, 


To the tangent 
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The Logarith. of \ 


M— 


ST nt. The true hourc 
EquinoR. | 


| Houres, ISCTS«) - 1024S BM — : Oy 
[121o jolt. ol o od, o' o'} | | 
xr] 7 [15 0| 9321-7976/11-50.55f..4 ,8, | 
10] 2 [30 © 9655.1845|24.19.29 13 44 72 | 
9| 3 |45 | 9893.7452/38. 3.35|,- 27 g| 
| 8 | 4 j60 o;TOI1 32.3058 53.35-43 17 20 a6| 
LETT 175 © 10465 .,6927 7I. 6.29 18 53 31 | 
6 | 6 190 ©1|10000, COOO YO, O, on 
"ante | poſt | | . | 
merid nerid !'. | : - | Tt = 


diſtance, which ſet down in the table by 1 5 d,in the ſame place, 
remove your paper, tothe Logar, tangent of 75 d, the comple« 
mentof 15 d. 10571.9475, and adde them both together, you 
ſhall produce a new Logar. tangent of 10465 ,694F. for the 
houres of 7 or 5, 90d. diſtantfrom 1 x and 7, which fet down 
m the table alſo by 75 d, do the hke with the tangents of 3od, 
and 60d, for the houres of to and 2, and 8 and 4, for the tan- 
gents of 9 and 3 of clock you muſtſet down in the table, the 
artif, ſine it (elfe of 51 d. 32', viz, 9893.7452, becauſe the 
tangent of 45 d. that houres diſtance from 1'2, (being equall to 
the Radius) altereth not the ſine atall ; now ſeeke theſe ſeverall 
Logar.tangents in the Canon, and you ſhall finde the horizon- 
tall arches of each houres diſtance to be for N 1-1;andN r, 11d. 
51;forN 10,andN 2,24d. 20';forNg,andN 3, 38d. 4; 
forN8,andN 4, 53d. 36'; forNy, andN5, 71d, 6' ; the 
| Houres 12 and 6of clock, are two ſtreight lines go d. diſtant, 
anethetace croſſing each other at right angles, as NZ S repre- 
ſenting the meridian, 'and E Z W repreſenting the prime verti- 
call, do in the {chem. IS - . 
The table being thus prepared, you may examine the trutlt 
of the work by the differences of the arches, for though they 
do not equally vary, yet is there ſuch a circular proportion ob- 
ſerved, taat they neither alter ſuddenly, nor contrary one to a- 


The 


notner, 


x 
N — rn 
, Se Ho aaa 4g a et I wc. 


ea. id Wn VIFIeN Cs 
4 Pe”? TOE —_ 


[The Art of SHADoOVVEs. 


79 


The Geometricall projeftion, 


Now make the Diall, and firſt draw two ſtreight lines 

CB 12, and6 C6, croſling at right anglesin C, upon the cen- 

I ter BY at the diſtance of Z S of the {chem, equall to AB 60 d. of 
Wl the leſſer chord,make the circle E B OS repreſenting the plane; 
| {toff from Bupon that circle both wayes ( by help of thefor- 

| mer chord) the houre diſtances, as they lie in order in the table, 
vizt.11d.51'for 11 and 1 of clock, 24d. 20'for 10and 2 of 

| clock, 38d. 4 for 9 and 3 of clock, and ſoof thereſt, Thorow 

i theſe pricks draw ſtreight linesfrom the center C, fo have you 
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all che houres for this plane, except thoſe which fall above: 
6 of clock houre, which are no other but the fourth and fift, 
ſeventhand ejghth,houre lines continued beyond the center. 


The heighth of the ſtile 5 1 d,sz2', 


For the heighth of the ſtile you necd no calculation in 1 
kinde of Diall, the heighth of the pole above the horizon be 
given,is the heighth therofztake therefore of the ſame chord! 
arch 51d. 32; andſet it from B to O, either way ; from 
center thorow that point draw the prickt line COA, wh 
repreſenteth the axis, or ſtile deſired, if you like to make it at 
angular ſtile, which forme is fittto ſupport it, at the true: 
 glerayſca perpendicular from any part of C B, or draw a pa 
tell to the 6 of clock houre, croſſing CO A inA, and you h: 
done. Suppoſe the triangle A 20 C, erected ſo, that the ( 
20 A may point to the zenith, the fide C A to the North pc 
and the ſide C 20 may ſtand perpendicular upon the I 2 of clc 
line, then is the Diall perfected for uſe. 
If any deſire to make the ſtile of this Diall with a ſquare brc 
edze, of what thickneſle ſoever, it may eaſily be done, by fi 
poſing the Diall to be cut aſunder, inthe meridian line C B, a 
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ie :he Eaſt fide ſeparated from the Weſt, the thickneſſe of the 
ie MGile, ABD C, of this later ſchem, then ſhall all the houre lines 
inder ſix remaine the ſame, only the houre lines of 5 and 4 in 
the morning, and 7 and 8 in theevening, which before were 
lrawn thorow the center C of the firſt ſchem, at equall diſtan- 
* Bees, above and under the 6 of clack houre, muſt now be drawn 
us Mthorow the ſeverall centers A and B of the ſecond ſchem, and 
s Mo will become unequall, fave with reference to their proper 
* Mcenters ; notwithſtanding, becauſe the Eaſt edgeof the tile 
ie Mcwerh the houres before 6, and the Welt edze thereof after 
ns, the ſhadow ſhall give the trac houre,as when both ſides were 
E Wijrawn thorow one and theſame center : the azimuthes, almi- 
canters, paralels, &c. remaine the ſame without alteration,only 
the yodzes or notch in the ſtile, which traces out theſe lines, muſt 
bee made at the like diſtance on each ſide of the ſtile : the like 
may bee done in all other kindes of Daals, ſuppoſing the ſubſtile 
tobe devided,as here the meridian is, 
Now if you defire to put into this Diall,” or any of the reſt 
thatfollow, the halfe houres and quarters, their. diſtances upon 
Wtheplane are as eaſilyfound by the ſame rules,as the houreswere, 
»- Wor by adding the Log. fine of the heighth of the pole unto the 
d Wlog.tangents of 3 d.q5',7d. 30',and I 1 d. 15',which are thee- 
 Euinoctrall arches of balfe houres.and quarters, there will come 
forth the Log. tangents of new arches, proper to the halfes and 
quarters, as in the example appeareth,which being found in the 
canon,and put into the Dyall by help of the chord,as the houres 
were, you have done what was deſired, | 


Four Tan Eames, Logarith. | True ho, Differ. j 
, diſtance.  rangents. diſtance, | 
12 | ». | 0*, o'| 000000 | $2 1 
| {3 — Þ | 
3 |3. 45 $710.27 2.76 2.57 
| {7 [7 39|9013-I7] 5-53] <8 
|- 3_|ITI5 | 9192.40 | 8.51 PR 
r : oh | 3» Z 
7 | 15:45 | 9424.52 | 14.5312 
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dlow becauſe it is to little purpoſe to make the Dyall trne,un 
lefle you alſo place it true in the meridian, I think 1t fit in thi 
placeto ſhew the manner of finding a meridian line,at any tim 
oftheday, the Sunne ſhining. WEE, ibs 
_ Holda thred with a weight at the end thereof, cloſe to. th 
plane, on which you purpoſe to {et the Diall, repreſented by 
 theroundtableNKS ; make two pricks in the ſhadow of thi 
thredupon the plane, by which draw a ſtreightline, at the ſam: 
inſtant take the heighth of the Sunne,and by- help thereof finde 
the azimuth of the Sunne, which (with the complement there: 
of to 1 804,) being ſet Northwards, and Southwards, from the 
line of ſhadow (inthe circle SK N firſt drawnbyachord) ac 
cording to the time of obſervation ſhall give two points , Dj 
which a ſtreight line drawn thorow the center C, repreſent: 
ins the zenith, ſhall be the true meridia\ line deſired. 
Example, let theplanebe NKS, the thred and weight K L 
_ the ſhadowed lineE CF, rwo pricks therein at E _ Fr s 
| | "mere 
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heigth ofthe Sunne in the morning on the Eaſt ſide of the me- 

575 3 5 d. you miit therefore reſolve the oblique triangle 
Z Sin the ſchem adjoyning, conſiſting of theſe three great 
circles of the ſphere, 2424. Z P part of the meridian of the place, 
PSpartof a great circle limiting the declination of the Sunne 
. the aralell of ACB, and Z S part of the azimuth giving the 
eighth of the Sunne in the almicanter E D S,wherein TP the 
complement of the elevation is given 38d, 28', and ZSthe 
complement of the Suns heighth is found by inſtrament 55 d. 

p- P Sthecomplement of the declination may bee had out of 
". Wrights booke of Navigation, or the ike, or may bee cal- 
culated having the place of the Sunne by the firſt of the firlt 
caſe of R, S. triangles, and is in this inſtance ſuppoſed to be on 
J: * ms 
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the 1 of May 1622, about 8 of clock in the morning 72 d. 4', by 
theſe threeſides given, we leck the angle at Z, which gives thy 
diſtance of the Sunne in the horizon N W H F, either from the 
North or South part ofthe meridian N Z H, by the firſt caſgd 


oblique ſphericall trianglcs, 
The firſt way by tangents. 


The baſe P S 729%, & 

CZ SI FF] © 

Thejides Z P 38 28 

The ſumme 16 5 32 Logar. 
Thehalſe $82 46 o©003.4701 C Avith, compl. 


Io 42 0731,2662 
Toe drone 46. 9668'2665 
ny [P3494 7337 
. Totall 20247-1165 | 
Thehalfe 19123.5582 1s the Logarith, 
 rangent of halfe the angle 534,23 30* 
Therefore the whole anole K Z N © 1069 4-9 


Theſecond way by ſines. 


Toe baſe PS 7211 4 Logar. 

; FZ I 55 © 0086,63557 
Tre fidery p 33 28 0206.1683\ 
The ſwmme 165 32 
Thehatfe 82 46 9996,5298 
The baſeſubdgyitio 42 9268.73309 
Radins & ſeventh propor, 19558,0674 | 
T he haffe thereof 9779.9337 Is the Log, 
| Gs ; 
ſine of balfe the aagle 36'.57 zo” 

T herefore the whole angle KZH 73 55 0: 


Arith, comp, 


But you muſtremember that the firſt operation giveth the 
angle Z, reckoned from the North, as itnaturally licth in the 


Sphere, the ſecond giveth the angle reckoned from the NY 
w ICH 
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which is the complement of the former, and in this caſe is more 
pt for our purpoſe. Take therefore off a chord fitted to the 
Radius C N 73 d.56',and ſetirfrom the line of ſhadow South- 
wards to $,or 106 d. 4', and ſet it from the line of ſhadow 
Northward to N, and by theſe two points draw a line thorow 
the center C, and N CS ſhall be a true meridian line, where- 
JF pon you muſt place the 1 2 of clock houre line of your Dyall. 
| Burit may be objeRed, that notwithſtanding all this paines, 
gcither this, nor any other Diall, ſhewes the time exactly true, 
without correction, and allowance for the ſemidiameter ofthe 
Sunne, which is gencrally omitted by all Authours. I grant, 
that in a {tri acception this 1s true, bur ſeeing that ſenſe muſt 
he our judge,and Scale andCompaſie our inſtruments,fach curi- 
ofity might be {ately negleted,yet the rules of Artremaine un- 
dlamable, - : 
Toanſwer this objection, it cannot bedenied, that the true 
houreline of every Diall 1s the ſhadoiy of rhe axis, caſt by the 
center of the Sunne upon the oppoſtte partof the meridian, in- 
tercepted by the plane, but bdecaute the ſhadow of the center is 
hindred by the ſtile, the ſhadow of our houre lines proceedeth 
from the limb, which alwayes precedeth the center one minute. 
of time, anſwerable to 1 5 the ſemidiameter: of the Sunne. To 
allow this in the heighth of the tile, 1s erroneous, becanſe every 
tile repreſenting the axis, ought to be paralell thereto ; but if 
wee abate for the horizontall at LZondox 15', the ſemidiamerer_ 
of the Sanne,out of Fy d. 32'. the heighth of the ſtile,and make 
the ſtileto 5 1d. 17', or for a South Daall, to 38 * 13, wee ſhall 
cauſe the ſtile to point ſo many minutes under each pole, which 
puvit out of paralelliſme with the axis,and conſequently makes 
Iteive a falſe ſhadow upon the plane, Let the itile therefore 
bee kept to the true elevation, and let the allowance bee made 
m the equinoCtiall diſtances of the houre lines,contracting then 
one minare of time, on eacn ſide the meridian, or {u>{tile re- 
pedtively : in regard that the ſhadow of the verge doth always 
precede the ſhadow ofthe center ſo much. So ſhallit come to 
paſſe, that when the limb of the Snnne doth give ſhadow to tlie 
boure line upon the plane, one minute ſooner or later then ir 


ſhould do, the center of the Sun ſhall at the ſametime be jult np= 
| ; on 
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on the meridian, repreſented by the ſame as in this diagraramy 
if dethappeare. Wherein ſuppoſe A B to bee the length of the 
' perpendicular ſtile, in the forenoone the true houre line drawn 
 fromthecenter of the Sunne is C9, which the verge of the 
Sun ſheweth at e d, one minute of time ſooner than it ſhould ; 
contra the houreline C9 one minnte, it will fall upon the 
pricktlineed ; againein theafternoone, the true houre line 
drawn from the center of the Sunne isf 3, which the verge of 
the Sun ſhewethat gh,one minute of time later than it ſhould; 


- 


HC. - 9 0 


contract the houre linef 3 one minute, it will fallupon the line 
gh ; wherefore it followeth, when the verge of the Sunnee / 
or g giveth ſhadow upon the houre lines contrafted ed & gh, 
the center of the Sunne would at the ſame time ſhineupon the 
true houre lines C 9, andf 3, if the Apex of the ſtile at B did 
_ nothinder theſame, In imitation of this example for the hort- 
- zontall, the true houre lines ( according to this tri acception 
by abating fifteen minutes in each houres equino&iall diſtance, 
anſwering to one minute oftime) may bee caſt up for all other 
Kinde of Dials whatſoever, 
Ee” ” Hourcs” 
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"Houres | Equi.dift. | Log-tangents | True ho, diſt. 
13 :@1\-* > | 
Ic +1 14 45 | 9314-1598 it 38 5T, 
10 2] 29 45 | 9650.7972| 24 6 3T 
[9 3] 44 45 | 9889.95321.37 49 3 
8 4] 59 45 | 10127-9403 53 19 T2 
7 $51 74 45 | 1045 8.1594 | 70 48 - 4 
6 61] 89 45 |12253.9250|89 49 51 
Cray. VII. 


To draw the houre lines upon a dirett South plane, the herghth of 
the pole being given, | 


2» Very perpendicular plane, whether dire& or 
2 declining, lieth in ſome azimuth or other, as 
here the South wall or plane doth in the prime 
verticall, or azimuth of Eaſt and Welt, repre- 
ſented in this ſchem, by the line E Z W, and 

'VX& therefore it cutteth the meridian of the place 
t right angles in the zenith, and hath the two poles of the plane 


leated in the North and South interſeRion of the meridian and 


horizon, and becauſe the plane hideth the North pole from our 
feht, we may therefore conclude (it being a generallrule, that 
tvery plane hath thar pole deprefled, or rayſed above it, which 
jeth openunto it) thatrhe ſouth pole is elevated thereupon, 
and the ſtile of this Diall muſt looke downwards thereunto, 


rected above the plane the heigth of the antartick pole, which + 


ding an arch of the meridian betwixt the ſouth pole and the 
nadir, is equall to the oppoſite part thereof betwixt the north 
Pole and the zenith, and therefore the complement of the north 
Pole above the horizon, as in the next Chap. will more plainely 
Ppeare. En. 
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The Demonſtration, 


Suppoſe then that P in the ſchem, drawn by the rules of the 
fourth Chapter, be now the ſouth Pole, and S the ſouth part of 
the meridian, N the north part &c. then do all the houre circles 
from the pole cut thelineE Z W, repreſenting the plane une. 
qually, as the houre lines will do upon the plane it ſelfe, anda 
by the figures in the ſchem ſer unto every houre line thereof 
doth appeare. Now having already the clevation of the pole 
given, as was inthe horizontall, there is nothing elſe to bee 
done, but to calculate the true houre diſtances upon the line 


EZW,from the meridian S Z N, and then to proceed as for- 


tie has. ante. cates aecineal Dd tn 4 
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merly, and note, becauſe the honres equidiſtant on both ſides. 
the meridian, are equall upon. the plane, the one halfe being 
found, the other is alſo had, therefore you may begin with 
which ſide you will, 2 On 

In the triangle Z P 11, rightangled at Z, I have Z P given 
:8d. 28', the complement of the heighth of the pole, which is 
theheighth of the ſtile to this Diall,and the angleatP 15 d.one 
houres diſtance from the meridian upon tbe equator, to finde 
the fide Z 11 ; or if you will draw the equinoQill circle 
EDW, it will bee more proper in the quadrantall triangle 
PDa, wherein the quadrant P Dis given go d, the fide D 41s 
given 15 d, of the equinotiall, the meaſure of the angle P, and 
theſide PZ is given, 38d.28',to finde the ſide Z 11,as before by 
the variety of the fift caſe of RyS.triangles. For, 


The Arithmeticall calculation, 


As the ſine of PD. go, © 10000.,c0 
I; to the tangent of D A 15 0 9428.05 
Sous the ne of P Z 38 28 9793.83 
Tathe tangent of Z 11 Y 28 x9221,88 


which 9 d. 28 is the true diſtance of the houres of x 
and 11 from the meridian upon tne plane, 

And becauſe there is no other variety in calculating the reſt 
otthe houres,but only changing the angles ar P, which encreaſe 
15d, for every houres diſtance from the meridian, therefore as 
you did in the horizontal), firſt make a table like the example 
adjoyning, wherein ſet down all the houres and halfe houres 
rom the mergdian, with the equinoGtiall diſtances by them, of 
7d. 30'for halfe houre after 12, 154d.for 1 and 11, 22d, 30” 
or halfe houre after 1, &c. then tranſcribe the Logarithmicall 
ine of 38d. 28', 9793.83. (which in this Diall is the heighth 
the ſtile above the plane) into a peece of paper, and adde it 
unto the ſeverall Logar. tangents of the equinoRtiall diſtances 
tthe houres and halfe houtes, ſo ſhall you produce other Log. 
angents, which ſer down in the table, and fonght inthe Ca- 
non, will da you the true houre arches to bee ſer off from the 
point E of the meridian line in the Diall, each way upon the cir- 
&E 06, repreſenting the plane, as in the table annexed ap- 
eareth, H Houres 
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"Houres & | Equiod. j Logarith. of | Truc houre I= 
[Halyes. | diſtance. | tangents. upon the | plane. _ 
120 To d - | Differ. | 
|. [3 | 7530 | $913.26] 441} 
[IT 15. O | 9221,88 9.28 To | 
 |5 [22430 | 94I1.05|14-27| rg 
[10 |2 |30, al. 9555.26| 1945 | 5.46 
ſ + z | 37-390 | 9678.81 [25-31-22 
| 93 5 « - 9793.83( 31.53 pf 9 
. 5 | $52.30 | 9908.84|39- 2] 6 g|' 
| 8 = | 60. Oo I0032.39 47- s 9,12 
. [+ [67,30 | 10176,60|56.20| © ,, | 
715 | 75: 0[10365.77| 66-42 [1,94] 
5! 82,30 | 1067440 | 7S. 3 11.57 
| 6| © | 90, © | T0000. 001 90, O hf 
| The heigth of the ſtile 38d. 28'. 


-—_— ul. dana — cl. At M.A. et — 


Where the Log. tangent of 1 & 11 produced by adding thi 
Logar, ſinc of 384. 28 unto the Logarith. tangent of 15 d 
is 9221.88 (the Radius being cut off, as in the cautions a 
forcfayd ) the arch whereof is 9d. 28', So1s the Log. tangen! 
of 5 & 7 produced by the like addition of the Log,ſine of 389.28 
* unto the Logar.tangent of 75 d. 10365.77 the arch wherco 
| 18 66d. 42', the like may bee fayd of the reſt of the houres 2 and 

1, 3 and 9, &c. but becauſe I have fo particularly delivered all 
the operations in the horizontall, I may here forbeare to do the 
like, and referre youto the table. 


The Geometricall projettion, 


Tn the making of the Diall, firſt draw the perpendicular line 
CEB, which is the 1 2 of clock houre, crofle it at right angles 
with 6 C 6, which is the 6 of clock houre, then take 60 d. of the 
chord, cquall to ZS the Radius of theſchem, and making C the 
-enter, draw the circle 6 E 6, repreſenting the azimuth, in 
which the plane licth, which cone, take off the chord all the 

| 4 houre 


Vs 


boure diſtances, vizt. 9d. 28'for 1 and 11, 194, 45'for 2 and 
10, 31d.53'for 3 and 9, and o of thereſt, and ſet them from 
&(the interſeRion of the meridian and plane) both wayes upon 
thecircle 6 E 6 ; ſtreightlines drawn from the center C tothoſe 
pricks in the circle, are the true houre lines deſired. 

| Having drawn all the hourelines, take 38d. 28' (the eleva- 
ton of the Pole or ſtile above this plane) off the ſame chord, and 
et itfrom Etoo, draw the prickt line C o A, repreſenting the 


$/xis, or heighth of rheſtile, from any part of the meridian,draw 


paralell line to 6 C 6, asisB A, and it ſhall make a triangle 


lbefitteſt forme to ſupport the Kiile atthe true heighth ; ler the 
| Ha: | line 
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line 6 C6, and B A behorizontall, thetriangular ſtile CBA e 
re&ed at right angles over the x 2 of clock line, ſo that the axi 
C A may looke down to the ſouth pole, then is the Diall per 
feed for the plane, diretly repreſenting ſouth or north, a 
ſhall appearen the Chapter following. 


"a OO -_ <_—_ 
_x—— 
kt 


EHAP,. YIIL 


To make a Diall to a North aire plane, the oppoſite to the 
former, 


7 Z47/ & declining, or reclining, or declining reclining, 


The Demonſtration. _ 

To make this plane, conſider thediagram ad joyning, where- 

in Z C Nrepreſcnteth a South and North wall ere& diredt, Z 
the zenith, N the nadir, and C thecenter of the world, P C5 
the axis, ZP and N Stwo arches of the meridian, therein ÞP the 
North pole, diſtant from Z the zenith, and depreſſedunder rhe 
North ſide of this plane the angleof PC Z, 384, 28; and fo 


much 1s the South pole $ diſtant from the nadir N, and clevat ed 
above 


T Kh aaa Len » -” —_— — — —————>——————A_—— " 
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abovethe South ſide of this plane, the angle of N CS 3849, 28', 
equall to theformer, as may be eaſily proved, becaule theangles 
2t Zand Nareright angles, and Þ and Sſubtented by like fides 
are equall by the work, and theangles at Careverticall, NC S 
is therefore the heighth of the ſtile for the South wall, which 
muſt looke down- 
( Z | wards to the South 

£17 a FE PoleS, & Z CP 15 
937 the heighth of the 
ſtile for the North 
ed wal, which muſt look 
* upwards to the north 
. pole P, And becauſe 
* -7 To there may bee here- 
' after no doubt, how 
._ to place the ſtile, 
which giverh the 
= | ſhadowto the houres 

'w 


in every Diall , ob- 

| ſerve this generall 

_ Rule. The ſide of the 
., {tile repreſenting the 
EE -. * axis muſt alwayes re- 
1 {pet one of the poles, 
z Ws wideticet, in all eret 
planes, whether di- 
red, or declining up- 
on the North fide, 
the North pole ; up- 
on the South ſide,the 
South pole, as in 
: P Z N, the pole P, 

butinSN Z, thepoleS ; inall Eaſt and Weſt reclining, the 
North pole, in inclining Eaſt and Welt, the South pole ; in all 
North reclining planes, whether direct or declining,the North 
pole ; and in the inclining planes, oppoſite to them, the South 
pole ; laſtly, in all South reclining planes, wherher dire or de- 
clining, if the plane paſſe between the zenirh and the pole, rhe 
H 3 a x{$ 
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axis of the ſtile muſt reſpe& the South pole, and on the inclining 
fide, the North pole ; but if the plane paſſe between the horizon 
and the pole, the contrary. - WE” 
Suppoſe thercfore againe in the firſt ſchem of the former 
Chapter, P to bee the North pole, and the fide E Z W objeted 
to it, to be the North wall or plane, then do all the houre circles 
drawn from the pole cut the line E Z W with the ſame angles 
that they did before, when you ſuppoſed it to be a South plane, 
only the meridian upon this plane repreſenteth the midnight, 
and not the noone, and the houres about it 11,10, 9, and 1,2, 
3,are altogether uſelcſle, becauſe the Sunne in his ouns Nor- 
thern declination 454, hath bur 39d. 54' of amplitude in 
this our latitude, and therefore riſeth but 1 3'before foure in the 
mornine, and ſetteth ſo much after eight at night, neither can 
it ſhineupon thisplane longer than 21' paſt ſeven in the mor- 
ning, and returning to it 21'before five at night, becauſe then 
the Sunne paſſeth offthe North ſide of the prime verticall, in 
which this planelieth, and commeth upon the South ſide there- 
of, as doth appeare by the firſt propoſition of the 34 Chap, 
Now therefore to make this Diall, is but to turne the South 
Diall upſide down, and leave out all the ſuperfluous houres be- 
tween 5 and 7,4 and 8,and the Dall to the North plane 15 made 
to your hand, Theſe things conſidered, I fee no reaſon why 
this ſhould be reputed a ſeverall Diall from the former, which 
 agreeth both in the heighth of the ſtile and |houres with the 0- 
ther, notwithſtanding for furcher ſatisfaction the Drall is thus 
cealily made, 


The Geometrical! projetion, 


Draw two ſtreight lines BD, and 6 C6, croſſing at right 
angles in C, open your compaſſes to the extent of 60d. of the 


chord, and upon thecenter C make the circle E B D, repreſen- 


ting the azimuth wherein the planelieth : out of the former ta- 


Þlecalculated for the South Diall, rake the houre diſtances of 4 


and 8, which is 47d. 8”, and of 5 and 7, which is 66 d, 42',and 
ſet them from the point B of the meridian line B C, upon rhe 
circle E B D, both wayes, ſo ſhall you have pricks, unto which 
from C drayw ftretgittlinesfor the houres dcfircd, _—_— the 

| OUrC 
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Heighth of theſtileP Z 38d, 28". 
” enth. 
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North Jiall, 


houre lines of 5 and 7 beyond the center alfo, ſo have you as 
many asneed. The ſtile is the triangle AB C making an angle 
of 384. 28' the very ſame that wasfor the South Diall, and is 
- repreſented by the prickt lines, wherein the fide C B is the ſab- 
ſtile or line of midnight, AB muſt ſtand horizontally, the cen- 
ter C downwards, that the line C A repreſenting the axis may 
point upwards to the North pole, and the whole tile CB A 
Rand perpendicular to theline C B, ſo have you done what was 
deſired, H 4  Cnyare, 


_— 
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CH av. 1X. 
Toaraw the honre lines por a direct Eaſt or Weſt plane, 
\ S theplanes of South and North Dialslie in the 


V/arh : | . . 
7 7} azimuth of Eaſt and Weſt, and their poles in 
DG the South and North parts of the meridian, fo 


057 


p 


_. ton, | | 

Now becauſe the meridian, in which this plane lieth, 1s one 
of the houre circles, and no plane that lieth in any of the houre 

* circles (as doth the horizontall of a right ſphere, the Eaſt and 
Weſt, and equinoRiall planes of an oblique ſphere) dothcut 
the axis of the world, but is paralell thereto, therefore the houre 
lines of all theſe kinde of planes are alfo paralell each to other, 
and may be repreſented in the {chem of the ſixt Chapter, after 
this manner. | 


The Demonſtration, 


LetNESW in thiscaſe be ſuppoſed to bee the equinoRiall 
divided into 24 equall parts, and let rhe prickt line 8 E 2, paras 
Icll to N Z S, bea tangent line to that circle in E, ſtreight lines 
drawn from the center Z thorow the equall diviſions of rhe 
_ limb, interſecting the tangent line, ſhall givepeints in 4, 5, 6, 
7, 8,9,10, 11, thorow which paralels being drawn to the 

rimeverticall, or 6 of clock houre line E Z W,.you. have the 

Rr lines defired, which may for more certainties ſake bee 
found by tangents alſo ; for making Z E of the former ſchem, 
the Radius, and 8 E 2, continuing the tangent line as aforeſayd, 
TettheſeQor be opened to the widthof Z E,(or for want there- 
of aſe the ſcale A 10,B 10, of the firſt Chapter) then ſhall the 
natural] tangent of 15 d. 25®, andof 30d. 577, and of 454.1999 
| ONE to the Radius &c.) taken thereof, and ſet both wayes 
from Eupon thetapgent line 8E 2, give the diſtance of the 
| EN - | houres 


The Artof SHADOVVES. 97 


ures of 5 and 7, 4and 8, 3 and 9 &c. from the 6 of clock | 
oure, as aforeſayd, 


The Arithmeticall operation. 


Make therefore the table for the houre diſtances, as in the 
ample adjoyning. Firſt ſet down the houres and parts, begin- 
i with 4 and 8 the extream houres of the Ealt anaWeſt Dials, 
;and 7, 6and 6, and ſo proceeding to 12, unto theſe houres 
nd parts ſet the equinoQall diſtances from 6 of clock each 
nay, (which being perpendicular to the plane, 1s here inſtead 
# the ſubſtile line)- 95x, for 4and 8, 3o d, for 5 and 7, 15 d, 
br 7and 5 againe 15 d, for gand 3,45 d, and fo of the reſt, 
nto theſe diſtances adjoyn the naturall tangents, viz, of 15d. 
#8, of 30 d. 577, of 45 d. 1999, &c, as yon ſee in the example, 
bis the table fitted for uſe, and is generall for all latitndes 
matloever, | 


"i L "T Naruralt | | | Naturall | 
Houres | Equino- { tangents | | Houres | Equino- | tangents | 
and | Riall di- | or houre and | tall di- | & houre | 
| Halves. | ſtances. | diſt.upon Halycs. | ſtances, | diſt.upon * 
| | rhe plane | the plane | 
| | Bur { —_ —— | 
14| 8|30%0'f 577 8/4|304,0| 577 | 
1 7 | #0 } OS s [37-39] 
5] 7415-0| 28. | | 93145. | 
Tv a 9 1 x | 33.30 | LF 
[6 | 6| Subſt, | * | [10|2160,0 | 1732} 
| (| 7301-232 1 | | (0730 
71514-0137 [3x13 175. ©] 
[x FSmgot UE 1 Fo [; [62,30 | 7596 
E 12] | Infinite {| 


| 


ll. 


- 


| The Geometricall projeflion, 


Proceed then to make the Diall, and firſt draw the horizon- 
all lineB A C, at yous pleaſare, upon anypart thereof, as at A_ 
make two obſcure arches, DB G,and F C E,the extent of 60d. 
[the chord,of the ſame chord take 38 d, 28;,the heighth ofthe 

equator, 


| 
' 
! 
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_ equator, which ſetfrom B to D, & from C to E,alfo takether 
of 5 1 d, 32', the heighth of the pole,and ſet it from B'to G, ar 
from C to F, draw theſtreightlines D A E repreſenting the 
quinoRiall, as by the angle B AD 38d. 28', which the horizc 
and equator make, and F A G repreſenting the axis of t! 
world, as by theangle FAC 51d. 32', which the pole and h( 
rizon make,is manifeſt, & this will bealfo the 6 of clock hour 
or ſibſtile of this Diall, ſecing the plane it felfe lieth in them 
ridian 90d. diſtant from the ſame ; now becauſe the apex « 
top of the ſtile A L (equall to the diſtance of the houres of 3« 
9 from 6)doth give the ſhadow in all planes that are paralellt 
the axis, it will be neceffary to proportion the ſtile to the plan 
thar the hourelines may beenlarged orcontraRted according! 
_ theleneth of the ſame, which is done inthis manner ; Let th 
 placeoftheſtileat A, and the place of the extream houre at' 
or K(in the Eaſt Diall 1 x, inthe Weſt x of clock) 75 d. diſta 
- upon the equator from A be given in ſome known parts, whic 
will be more or lefle according to the greatneſle of the plant 
ſuppoſe 348, that is 3 inches and 48 hundred parts, &y the ſecon 
caſe of R. P, triangles, | ” | 


| Logar. 
As the fine ofe A LY 75%. o' + 0015.0562 Arith,comji 
Ts to the tine AN 348 —+ O541,5792 os 
Ss z5 the pneof AY L 1559. © + 9412,9962 
Tothe line A L ORF > ons 
Compl, 0. 


Or by the Chiliads alone for want of a canon, 
As the naturall fueof 754, 96593 + 5015.0544 


Ts to the line AN $8 + 0541,5793 ' 

So 55 the natural ſine of 15*, 2882 ++ $6347 pad 

£o theline A L 0:9 — 9969.6315 
Compl.o.. 

Or by the ſame caſe you may alſo ſay, 

As the Radits vert _ > 

T5to A L the rtangentof 15 d. 

So thelineV A 


To the line A Lin the ſame pays. 


othe | CF $1/TCT J” PLC ps Leaf nad tho 


BY bercfore adde the naturall tangent of 4 of check $77, 6 the 
aturall tangent of 11 clock 3722 cogether, the tengrh of the 
vhole line 4, or $ K, the two extream houres, will bee 4399 
| (HE 4 times the Radius and nere 31 hundred parts, he this 


Wnme divide the Radius 190200 , encreaſed with 45 __ Ci- 
| | | | phers 


Weſt D:all, 


The Ealr Dll. 
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The length of the ſtile A L proportional to the plane being 
sfound by the Chiltads alone, (as1nlike caſes may be done} 
;by the Canon and Chiltads together, to be 093 centeſmes of 
{n inch, make that the Radius, then ſhall the equator K AY 
tangent line thereunto, and the diſtance of the houre lines 
{5 and 7 each way from A upon that line ſhall be rhe naturall 
agent of 1 5 d, which is 268 parts, the diſtance of 8 and 4 the 
zurall tangent of 3o d, 577 parts, thediſtance of 9 and 3 (e- 
wall to the Radius) the naturall tangent of 45 d, 1999 parts, 
tediſtance of To and 2 the naturall tangent of 60d, x 732, and 
tediftance of I 1 and x the naturall tangent of 75 d, 3732,as in 
he table doth appeare : Wherefore open the ſeor to the 
nzthof AL,or Toit a line equall thereto(as in the firſt Chaps 
r) from eirher of which take off theſe diſtances, which ſet 
oh wayes from A will afford you points in the equator AK, 
horow which ſtreight lines bemg drawn paralell to. the 6 of 
lock houre, you have at one work made both the Eaſt 8& Weſt 
Jals, as in the tipe appeareth, only remember that becauſe 
he Sun riſeth before 4 in &, and ſettethafter 8, you muſt adde 
70 houres before 6 in the Eaſt Diall,and two houres after 6 in 
he Weſt Diall, that the plane may containe as many houres as 
Its capable of, Ee 

Apaine, for varictity ſake, or haply you have nota line divi- 
ldinto 100 parts of an inch, you may without reſolving a tri- 
nele, or giving the length of the plane in known parts, finde 
he length of the ſtile proportionall thereto, which being made 
heRadius, ſhall juſtly fill the plane with any two extream 
ures aſſigned whatſoever, For, | 

4; iy uaturall tangents of the two extream houres added toge- 

they, as 


Areto the length of the plane #19 unknown parts, 

9 5 the Radius, mn” 

{0the length of the ſtile in know n parts. 

Whercfore adde the naturall tangent of 4 of clock $77, and the 

W—walltangent of xx &dlock 3722 rogether, the length of the 

hole line 4 1, or $ K, the two-extream houres, will bee 4399 

- Xt 15 4 times the Radius and nere 31 hundred parts, by this 

"mnne divide the Radius 19: 9209, encreaſed withas _ Ci- 
phers 


phers as you think good, the quotient will be 232 the length 
the ſtile A L, as in the example appeareth, 
4309 


1000000 (232 
8618 


13820 
12927 


8930 
8618 


312 


Yet alſo by Logar.this work is facilitated, for if you take t] 
Arith, complement of the Logar, of 4309 (neglefting the ch 
raterisk) which is 0365 . 6235. and ſeeke that in the C| 
Lads with the chara&eriskjof 2, 3, or 4, you ſhall finde 232t 
number an{werable to your deſire. Wherefore open the ſe 
tothe length of 4 Y, ſuppoſed to bee the capacity of the plan 
(or divide aline equall thereto, as in the firſt Chapter) and ta 
thereof 23 partsfor the length of the ſtile A L, make that t! 
| Radius, and the naturall tangents of the houre diſtances in ti 

table ſhall juſtly fill the plane. 

 Thehourelines being thus drawn, the ſtile may bee eith 
aſtreight pin like A L, fixed in the center A at right angles ! 
the plane, ſhewing the houres with the top thereof, or elle: 
oblong like unto abed, of equall heighth to A L, creed pe 
pendicularly over the houre line 6 A 6, and ſhewing the houri 
with the upper edge thereof ; let B A C bee{horizonrall, Br 
ſpeRing the South, and C the North, then will y AK point! 
to the equinotall, and 6 A 6 to the pole, and the Diall ſtand 
nts due poſition, to receive the ſhadow of either of the ſtiles 
toreſayd. 1. 

_ The Weſt Daallis the ſame in all reſpeRs with the Eaſt, 
appcareth by the making of them,only the arch BD the heigh 
of the equator above the horizon muſt bee drawn om the rig 


hand of the center A for the Weſt Diall, as. here it was on 
TM 


Poo (4 — ALES re ap et ener or EAA AS A net 


] ft hand for the Eaſt Diall, ( and as the equinoQiall it ſelfe lieth 
Fom you in the heavens, your face being turned to the plane) 


dles of the world, unto which they are paralell. 

And if you like not todraw the Weſt Diall by it ſelfe, prick 
the houre lines of each Diall thorow the paper, and draw them 
ine on the other ſide, repreſenting a Welt plane, as this doth 
the Eaſt, ſo have you done what you deſired. 


— 
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How to finde the declination and reclination of any plane, 
PSUNU PER LL great circles have their poles 90d. diſtant 
WF Nh h | E h —_— »*S, 
Fa 22 from them, 1o the poles of the meridian lie in 
TANG TS TEVA 7 . 
VIDES Ve; X the Eand W points .of the horizon, and the 
L 05 &; poles of the prime verticall in the S and 
L 
4 


ah oo yY &) ever y intermediat azimurh, repreſenting ſo 
many planes, 90d. in the horizon diſtant from theplane, The 
declination therefore of any plane 1s the horzonrtall diſtance of 
thepoles of the plane from the meridian of the place, alwayes 


kk 6.4 *»— = he... ”- as » ww” mm hana 


equall to the difterence between the azimuth of Eaſt and Weſt : 


and the plane ; to finde therefore the declination of any wall, 
fatorplane, is to findethearch of the horizon comprehended 
detween the meridian of the place and poles of the plane,or be- 
tween the azimuth of E and W and the plane, equall thereto, 
which muſt be firſt found before you begin the Dull, . 
Prepare therefore the inſtrument adjoyning called a Declt- 
ntory, let A BCD bea ſquared board, whoſclength may bee 


Wy theline HE, ler each of them bee ſabdivided into go d. for 
euſe of the Reclinations, accompring from the middle line 
WH both wayes ; and into'1 80d. for theuſe of declinations, 
counting from the diameter LB. Let the moyeable lable 


MY FH carne upon the center H, and let the perpendicular H = 
. 
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hatſo the houre lines crofling itat right angles, may reſpe& the | 


N points of the horizon, and the poles of _ 


touble rhe bredrh, about the middle thereof, upon the center H 
(raw the ſemicircle LE K, which divided into two quadrants 
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recreed at right angles to the line of the lable FH from the 
op of the perpendicular G to the end of the lable at F makefaſt 
\{mall thred, whoſe ſhadow upon the line FH G ſhall dire& 
he true poſition of the lable. og 
 Vpon the backſide of the ſame draw another ſemicircle con- 
entrick with the former, which divided tnto two quadrants, 
ach quadrant into 90 d. accounting the firſt degree from the | 
lameter AB, cloſeunder the periphery ſo divided make a hol- 
ow grooue (like the black circle) of ſuch capacity that a ſmall 4 
ullet hanging by a thred from the center, may play ar liberty | 
therein, by application of the {ide D Cunto any reclining, and 
hefide A B unto any inclining plane, the thred onthe backſide 
fthe inſtrument doth interſect the degree of reclination and 
nclination, accounting from the diameter A B, without any 
more trouble, which being plaine and common in ule, Ilcave 
topractice without further direftions, only remembring that 
the board be large enough to receive concentrick circles with 
diagonals, the work proceeding to parts 1s the more perte, 
But for want of ſuch an inſtrument, you may with great caſe 
y croſſing two rulers at right angles, the one paralell to the ho- 
Tontall line, the other to the verticall line of the plane, give 
be reclination deſired. . 
The Sunne ſhineth upon all planes declining Eaſt before 6 of 
lockin the morning ; ifafter 6, the plane declineth Weſt ; up- 
South declining how far ſoever it (ſkineth at twelve : ifnot, 
ve plane declineth North. | 

There are many wayes to attaine this declination ; the plai- 
ſtis by a Needle ; but becauſe we havelately found a motion 
ithe variation,and the Needle it ſelfeis ſo apt 5y every magne- 

call attraction to be drawn out of his proper place, and there- 
yerves a falſe declination, I omur that as veryuncertaine : the 
Xt way and leaſt ſuabie@ to error is by comparing the azimuth: 
the Sunne and plane together, from whence wee may artift- 
lly argue the crue declination thereof. | 
And this may be three wayes practiſed, two particular on- 
'uſcfall in their ſeaſons, the third generalYtor all times what- 
ver. | 


The 
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T he firſt way. 


The firſt particular way 1s in uſe but from March till Septe, 
ber, during the time that the Sunne continueth in the Northe 
part of the eclyptick, and is thus. 

' Firſt by the declination of the Sunne and the eleyation oft 
polegiven, finde out the heighth of the Sunne upon the Eaſt 
Weſt azimuth, and if you will the houre alſo; that you ne 
not wayt too long : In thediagram following N T H V repr 
ſenteth the horizon, NP Z H the meridian, T Z V theprir 
verticall, A C Band IS two paralels of the Sunne, TQV t 
equator,P F, PE, and PSthree meridians,Z F, Zr,and Z\ 


N 


= : 
—————————————_——__———— I een Nr noms 
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reeazimuths, G FB, and DS two almicanters, P the pole of 
4 world, and Z thezenich. From Þ ler fall a quadranr, piiſing 
the place of the Sunne in E, and cutring the equinoctiall a 
ghtangles in R ; R E 13the declination of the Sunne, and V E. 
tc heighth of the Sunne upon the prime verrticall, and Z. V the 
ure reckoned from 6 of clock, or the complement thereot 
kQ from 1 2, the things deſired, which you may finde eitner 
ythe ſmall triangle E RV, or by his verticall P ZE, or by 
te quadrantall Z Q V.Let the declination of the SunneR E be 
ren on the tenth of May 1622, about 7 of clock in the mor- 
ling, 1 94. 59',and the elevation of the pole P N, equallto Z 3, 
1d. 32',to finde out E V theheighth of the Sunne, by the firff 
uriety of the exghth caſe of R, $, Triangles, For, | 


Logar. 
ithe fue of Z © the latitude of theplace 510.,32' 9893.74 
Irto the ſine of E R the declination of - 


the Sunn, 19 59 9533.70 
ou the whole fine 3 V -* '...  g& | 2000900 
othe ſine of E V the hetghth of the T . 

Sunne deſired, 25 53 9639.96 


And for the houre in the ſame Triangle, by the firſt varie- 
'of the fourth caſe of R, S. triangles, | 


[s the tangent of R,Z 51 a 22 10099.91 
;r0 the tangent of RE 1959 - 9560.67 
uthe whale ſue Y go © 10000.00 


the ſue of Ro 126 48 9460.76 


Which 16 d. 48' reſolved into time {by allowing 15 d. toan 
Wure, and 15' of adegree to ene minute of time ) giveth one 
vure, ſeven minutes,bcfore or after 6 ofclock, according ta the 

ne of obſeryation in the morniag or evening. _ | 
The heighth being found, ſet a quadrant fitted with fights 

that heighth;andobſerve till the Surine commeth to it,ar the 
ne inſtant apply the fide A B of the Declinatory or ſemicircle 
brelayd unto the plane horizontally ſuppoſed to be x Th” 
i : the. 


2. 


ik 
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thelabell to the Sunne till the ſhadow of the thred F G ftri 
Juſt upon thelinee of the labell F H, ſuppoſed to ſtand at V, th 
prime verticall, then reckon the degrees contayned betweey 
the middle line of the ſemicircle E H, ſappoſed at Y,: andth, 
end of the labellat V; the degrees between Y V, the pole of thi 
planeand labell ſtanding upon the prime verticall, are the com. 
plement of the declination, and between V L thelabell andth; 
plane, the declination it felfe, For ſeeing that the middle lin 
of the ſemicirclerepreſenteth the pole of the plane at Y, it thy 
plane do not decline, it muſt needs fall out, that the labell tur. 
ned to the Sunne upon the verticall of Eaſt and Welt,ſhall juſt 
Iy fall upon the middle line of the ſemicircle E H, and fo ZY 
and Z V in the ſchem become both one, the plane not declining 
atall, but if (obſerving in the morning) the labell turned to the 
Sunneupon the prime verticall doth fall between E and A of the 
ſemicircle, equall to Y L of the ſchem, as at V, then 1s the plane 
a Sonth decliningEaſt ſo many degr.as are contayned between 
V&L thelabell andthe plane, equall to H Y the meridian and 
pole of the plane ; if it fall berween E B the other quadrant of 
the ſemicircle, equall te x Y, then is the plane a North declining 
, Eaſt asmuch.Thelike may be ſayd for evening obſervation,but 
contrary ; for if the label] turned to the Sunne fall between E 
and B of the ſemicircle, then is the plane a North declining 
Weſt, if between E and A,a South declining Weſt as much. 


The ſecond way, 


The ſecond way is more generall, and altogether as eaſe,but 
ſomewhat too particular for the time, and that is by attending 
till the Sunne comes into the paralel! of the plane, for thenit! 
inthe ſame azimuth with the plane, and the azimuth of the $ 
found by his altitude is the true declination of theplane. 

Firſt therefore apply the aforeſayd ſemicircle horizontally t 
the declining plane, ſuppoſed to bee K Z Y, then turne the tri 
angular labell into the diameter thereof LH K, paralell to th 
fide A B, attend till the Sunne ſhadowes juſt upon the lige,an 
then take his heighth, by the heighth and declination you hav 

an oblique triangle framed in the diagram adjoyning P F mY 
| | tare 


$ 
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three ſides whereof are givenzto finde the angle at Z, by the firſt 
caſe of O, S, triangles ; for P Zisthe complement ot PN the 
heighth of the pole, and Z F the complement of FK the heighth 
ofthe Sunne, and F P the complement of O F the declination of 
the Sunne, by which I &ek the angle P Z F, the azimuth of the 
Siqne and plane, OY 
xample, the tenth of May 1622, let O F the declination a- 
bout 6 { at night be 20d, 7, and K F the heighth of the Sunne b 
(bout the ſame time) be x 1 d, 30, to finde the angie Z, &y the | 
firſt caſe of O, S. triangles, tf 


The baſe P F 69".53" 
Z F.7S 30 
The ſue 186 51 "Logar. 
The halfe 93 25; 0000,7764 : 
Differ. baſe 23 222 0 OOO comp, 
I4 55: 9410,8690 
Dijer Sar 754 $75 9913-1432 
Tor, 19703-3633. 
thereof the halfe 9851.6816 Is the tangent of 
halfe the angle Z fromthe North, 36 4,1' 35", and 
the cotangent of haife the angle: fromthe South 53 4. 
C8 UE" | 


Whith doubled 724. 3' 10” 1s the whole angle N ZK from 
the North, or the complement thereof 107d. 56'50” the angle 
1ZK from the South, both of the Sunne and plane, therefore 
tie azimuth Z F K, under which this plane licth, reprefenteth 
tte rrue ſituation thereof, declining from T the Weſt point of 
nc horizon theangle T Z K 17 d, 57'fere, the complement of 
NZK equall to the truedeclination N L or x H reckoned from 
tie meridian N Z H, to thepoles'of the plane-x L, 90 d, diftanc 
tom the plane K Z Y, and is a South declining Wett 17d. 5 7, 
i North declining Eaſt as much, becauſe the poles of the lane 
#and L fall between the South and Weſt, and North aau Eaft 
ts of the horizon, as by the {chem appeareth, 


I 2 Li8s 
bw ; 
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The third way. 


The third wiy by azimuths is generall for all times of the; 
and of the yeere, but beſt when the Sunne Bnot too high, 4 
harh lirtle refraction. Whenſvever you would thercfore find 
thedeclinationofany wall or plane this way, firſt take t| 
© heighthofrhe Sunne, at the ſame inſtant apply the ſemicircle! 
the plane horizonrally, which now ſuppoſe to bee x Z L, turi 
the triangular labell to the Sunne, and reckon the degrees coi 

 tayned betweenthe plane and the labell, which wee may c: 
the azimuth of the plane, (in South planes from the South pat 
1n North from the North part of theplane) which note, Thi 
muſt you (by the like oblique triangle as before) calculate the 
zimuth of the Sunne, by theſe two aziumuths compared togeth 
the declination 1s thus found. 

If the labcll turncd to the Sunne fall juſt upon the midd 
line of the ſemicircle, repreſenting the pole of the plane, the 
is the aztmuth ofthe Sanne counted from the South or Nort 
points of the meridian reſpectively , the declination of ti 
plane, Eaſterly or Weſterly according to the time of obſerva 
on ; butifthe azimuth of theplane-x Z L, declining Ealt, b 
x ZV, 1074, 57,andtheazimurh of the Sunne H V go d.t 
H V out of x V,, therereſteth x H 199.57, the complem 
whereof to go d. 1s HY, 72d. 3', the declination deſired, 
the azimuth of the plane bee x Zr 54d. 44', and of the Sunn 
HZ r 36d. 47; take HR outof x R, there reſterh Mx :7c 

57, therefore HY 724. 3'as afore, Laſtly, if the azimuth « 
 theplanebex Z W 1od. and of the Sunne W ZH 7d. 57 
adde both together, fo have you x H 174. 57; therefore alk 
H Y 729. 3', as afore. Againe,jf the azimuth of the plane KZ) 
declinins Weſt, beKZr 144d. 44', and the azimuth 'of tit 
Sunne H Zr 364. 47; take Hr out of K », there reſteth Kt 
107d. 57, from whence ſubtra&t K x god, therereſteth + H 
17 d. 57, thedeclination deſired. If the azimuth of the plant 
beK Z W, andofthe Sanne W H, adde them together,ſo hav 
you KH, from which ſabtra& K x 90d. thereſt is x H, thede 


clinarion as afore, Laſtly, if the azimuth of the plane bee KT 
an 
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] the azimuth of the Sunne TH, addeK T and TH together, 
ave you K H, ont of which ſubtract K x 90d. ſo have you 
:17d. 57,thedeclination as afore. F ; 

ote that all theſe wayes may for neceſſity bee prattiſed with « 
are board and plamline, without any diviſions at all, the angle 
g taken off from a choxd, 

xample, in the triangle Z PS, let - S the heighth of the Sun 
Dre noone be 204, of, therefore the complement thereof Z $ 
1. ©, thedeclination of the Sunne Southward SM 71 1 d. zo”, 
ch added toM P 90d. maketh the whole fideP S 101d. 31 
as before, the complement of rheheighth of the pole 38 d. 
and IeektheangleP ZS, the azimuth of the Sunne,+y rhe 
Caſe of O, S, triangles, 
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baſe PS 101%33' 30" 
deed, $ 7O O Oo 
FAY of 239 28 © 
www 10 1 0 | 
halfe Eo. "= 
of thebaſe 3 27 15 1220.0324 ala 1 
cC - 

ey 35 0.45 nn 
af the frdes 66 32 45 99625486 

Totall 20959.3992 
Whereof the halfe 10478.1996 1s the Logar, 
Þ of the tangent of halfe the angle Z, from the North 71 4.36', 
27”, and the-cotangent of halfe the angle from the South 
- 18, 3%s $3 


'Thercfore the double 364. 47 is the whole angle H Zr from 
W1 the South parrof the meridian, Eaſterly to 7, or the comple= 
tent thereof to 180d. v:zt,143 d. 13'1s the angle or azimuth 
Wi the Sun » Z N, from N, the North part ofthe meridian to 7, 
Mic thing deſired. | | 


Now ſuppoſe the azimuth of the plane found by the ſemicir- 
Wi as afore, to beat the ſame time x7 544, 44, ſubtraQt the a- 
Winuth of the Sunne Hr 36. 47', out of the azimuth of the 
Fanex7 54d. 44), there reſteth x H 174. 57), the difterence 
| | 12 - between 
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The third way. 


The third wy by azimuths is generall for all times of the dlf 
and of the yeere, but beſt when the Sunne not too high, 
hath little refraction. Whenſoever you would thercfore fi 
the declination of any wall or plane this way, firit take 
- heighthofrhe Sunne, at the ſame inſtant apply the ſemicirel, 
the plane horizontally, which now ſuppoſe to bee x Z L, tu 
the triangular labell to the Sunne, and reckon the degrees c 
 tayned between the plane and the labell, which wee may 
the azimuth ofthe plane, (in South planes from the South þ 
in North from the North part of theplane) which note, T 
muſt you (by the l1ke oblique triangle as before) calculate th 
 zimuth of the Sunne, by theſe two azumuths compared toge| 
the declination 1s thus found, 

If the labell turned to the Sunne fall juſt upon the m1 
line of the ſemicircle, repreſcnting the pole of the plane, t 
1s the aztmuth ofthe Sunne counted from the Seuth or Ni 
points of the meridian reſpectively , the declination off | 
plane, Eaſterly or Weſterly according to the time of obſer 
on ; butifthe zzimuth of theplane.x Z L, declining Ealt, 
x ZV, 107d. 57,andtheazimuth of the Sunne H V 90d 
HVoutofxrV, therereſteth x H 17d. 57, the comple 
whereof to 90 d. 18H Y, 72d. 3', the declination deſired? 
the azimuth ofthe plane bee x Zr 54d. 44', and of the Sunn 
HZ z 36d. 47; take HR outof x R, there reſterh Mx 174 
57', therefore H Y) 72. 3'as afore, Laſtly, if the azimuth « 
the plane ber Z W 1od. and of the Sunne W ZH 7d. 57 
_adde both together, fo have you x H 174. 57', therefore alk 
HY 724, 3',asafore. Againe,jt the azimuth of the plane KZ 
declining Weſt, beKZr 144d. 44', and the azimuth of th 
_ Sunne H Zr 364. 47; take Hy outof K, there reſteth K 
107d. 57, {rom whence ſubtra&t K x god, therereſteth x 
I7d.57' thedcclination deſired. If the azimuth of the plan 
beK Z W, and of the Sunne W H, adde them together,ſo hav 
you K H, from which ſabtra& K x 90d. thereſtis x H, thede 


clinarion as afore.- Laſtly, if the azimuth of the planc bee KT 
o- al 


3 
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1nd the azimuth of the Sunne TH, adde K T and TH together, 


eH[17d. 57 ,thedeclination as afore. 

| Note that all theſe wayes may for neceſſity bee prattiſed with 4 
pare board and plamline, without any diviſions at all, the angle 
ring taken off from a chord, -— DT 
Example, in the triangle Z PS, let » S the beighth of the Sun 
efore noone be 20 d, o), therefore the complement thereof Z $ 
od, ©, thedeclination of the Sunne Southward SM 1 1 d. zo”, 
hich added toM P 90-4.maketh the whole ſ1deP S 101d, 31* 
Pas before, the complement of theheighth of the pole 38 d. 
$,and IſcekrheangleP ZS, the azimuth of the Sunne,+y rhe 
| Caſe of O.S, triangles, = > 


ve vaſe PS 1014330 30" 

ES 00 6 

hefes3' 5 at © 

he ſamme 110 © 10 

he halfe I05 © 45 0©015.0817 | 

Gf thebeſs 3 27 15 ramen 


- . 
Tofebie bdeet 33, © 45 975m 
if of the fides 5 66 32 45 9962.5486 


Totall 20959.3992 


Whereof the halfe 10478.1996 Ts the Logar, 


of the tangent of halfe the angle Z, from the North 71 4.36', 
27”, and the -Cotangent of halfe the angle from the South 
184, 23', 33. — 


"Therefore the double 354. 47 is the whole angle H Zr from 


{the South parrof the meridian, Eaſterly to 7, or the comple= 
tent thereof to 1 80d. v:z7. 143d. 13'is the angle or azimuth ' 


the Sun » Z N, from N, the North part ofthe mericlan to 7, 
e thing deſired. _ 
Now ſuppoſe the azimuth of the plane found by the ſemicir- 
as afore, to beat the ſame time xr 544, 44, ſubtratthe a- 
Imuth of the Sunne H» 36d. 47', out of the azimuth of the 


ane x 7 5.4 d. 44, there reſteth x H 17d. 57', the difterence 
| T2 between 


have you K H, out of which ſabrra& Kx 90d. fo have you. 
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berween the meridian and the plane, the complement where 


togod.is HY 724. 3), the difference between the meridi: 


and pole of the plane, the declinarion deſired, as by the definii 
on thereof appeareth, and is a South declining Eaſt 72 d.z', 
Northdeclining Weſt as much, becauſe the poles of the pla 
K and Y fall between the ſouth and eaſt, or northand welt, 


' In the ſchem appeareth. 


- 
_ _— he —_———_— 
Jonny = = ——__w_—_ —— —_— W_—_ — —_ 


Caay; X. The ſecond part. 


How to draw the houge lines upon a South cr North ere play 
declining Eaſt or Weſt, to any declination glues. 


2 Very erctt plane lieth under ſome azimuth 
2 other ; and thoſe only are ſayd to decline whi 
differ from the meridian and prime verticall, 


The Demonſtration. 


The declination therefore being thus attayned, (orby w! 
other meanes you like beſt) then make the ſchem by the ru 
of the fourth Chapter ; (which being invertedis the ſame, bc 
for north and ſouth declination) wherein as before SEN W 
the horizon, SP Z N the meridian thereof, S the ſouth part, 


 thenorth, E Z W the azimuth of Eaſt and Weſt, GZDt 


declining plane, the poles whereof are B and A the declinati 
from the ſouth eaſterly, or north weſterly S A, or N B 45 d,a 
fo much doth the plane D Z G decline fromW and ;the Wi 


-and Eaſt points in the ſchem, the houre circles: drawng;(as b 


fore) and proper to this plane,are the black lines paſſing thoro 
the poleP, and croſling upon the plane G Z D, wherein nc 
generally, that where they runne neereſt together, thereabor 
muſt the tile ſtand, and alwayes on the contrary ſide to the d 
clination, as in this example ceclining Eaſt, -it thereforeſtan 
eth on rhe Weſt fide, (fappoſing P te beethe South pole) b 
tween Z and G,thereaſon whereofdoth AUD EPPones 


= 
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Firſt in the ſchem, wherein the plane declining Eaſtwards , 
- | the morning houres, together with the fubſtile PR fall on the 
1 | Weſt ſidethereof by the work,and contrary: for the hourelines 
1 | icmayning fixed, if you ſuppoſe the axis A Z B, and the plane it 
} MW ife G Z D, (croſſing each other atright angles) to bee move- 
- ible, and t urned aboutupon the center Z, till AZB comeinto. 
; hcplaceof G Z D, then will the declination be Weſterly, and 
; Niieplane ſtanding in theplace of the axis A Z B, will receive 
; ff tlie afternoone houres inthe prickt lines, running together on 
. | the Eat fide, with the ſame angles that now declining Eaſt, 
- they do on the Welt fide Bicrea? But the true reaſon is drawn 
- from theſitnation of the place, where the plane on which this 
Diall is made, (wreſted out of the true forme, to ſerve our turne 
TY Fj here} 


EN, ed | | 
112 The Artof SHADOVVES® 
herc) would be an horizontall plane, and the ſabſtile 1n this bj. 
all, the meridian there, which is in the longitude of 5 19, 5-7 
Faſt from us, and latitude 26d. 6', as by the 8 propoſition 
oi the 34 Chaprer doth appeare. Now becauſe the place where 
this analory boldeth,lieth Eaft from us,the Sunne moving from 
Ext to \' ct, muitin common reaſon come firſt upon that me. 
ridian fore it commeth upon ours, which being jrepreſented 
nn the plane by the fabſtile line, muſt therefore bee fo placed 
in the Biall, that it may ſhew us the noone of that place thre 
Lonres, twenty cichrt minntes ſooner than ours, but the Snnne 
ring Eaſt, ſendeth the ſhadow of the axis Weſt, (and alwaye: 
co the oppoſite part of the meridian wherein hee 1s} wherfort 
refon entorcerh, that the morning houres bee put on the Weſl 
{de of the meridian, as the evening houres are on the Eaſt ſide, 
_ and from the ſame ground, thar the ſubſtile of every plane re. 
preſenting the meridian thereof, muſt alwayes ſtand on thi 
contrary ſide to the declination of the plane, and that the hour 
lines muſt run neereſt together about the ſame, becauſe the Sui 

in that poſition 1s at right angles with the plane. 


TheeArithmeticall calculation. 


Theſe things thus enlarged, I now come to the making of th 
Diall, tor the better performing whereof three things muſt be 
firſt found ; vizr. 

x Theglevationofthe pole above the plane, repreſented b) 
P R, which 1s che hetohth of the ſtile, and is an archof the me: 
ridian of the pianc betweene the pole of the world and: 
Diane, | 
2 The diſtance of the {ubRile from the meridian, repreſen 
tcdby ZR, and 1s anarch of the plane berween the meridiar 
and the ſa file, 7) Howe 
3 The angle ZP R betwixt the.two meridians, v:z#. th 
ſubſtile PR, the meridian of the plane, and che-lineP Z N th 
meE'14ianvf the place, and they ate thus found, {i 
- Becauierthe ubſtilets the meridian of the plane; 
' part of a great circle paſſing thorow the pole of theworl, 
eroiling the plane at rizht angles, therefore inthe ſuppoſed 


-. 
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angled triangteP R Z, (tor yet theplace of R isnor fonnd)you 
| havethebaſeP Z 38d. 28' given, and theangleP Z R the com- 


plement of the declination 45 d, and the ſappoſed right angle 


at R, to finde the ſide P R, which is the heighth of the ſtile (as 
eforeſayd) bur yet the place of it unknown, - 

W herefore by the firſt variety of the firſt caſe of right anpled 
| ſphericall triangles, I ſay, 


Firſt, na 


Asthe frncofPRZ 90i, ©&, T1o000.0000 
Is to the fine of the pde P Z 38 28 9793.8317 : 


So #5 the fine of the angle PZ R 


the compl.of the declinat, 08-0 9849.485 I | ; 
To the ſine of the pde P R 26 6 9643-3168 Þþ 


Which 269. 6' is the heighth of the ſtile above theplane. @Þ_ 
Secondly you may finde the diſtance of the ſabſtile from the 


meridian Z R, by the ſecond variety of the fourth caſe of RS. 


triangles, or the ſecond of the third. For, 


Secondly, : | = 

As the tangent of $ G the mea- | ge 
fare of the angle FA _-iþ$ *. TI 000 f.0000 
Is tothe tangent of PR 26 6 __ _ g9g6906.19n9 


So us the Radis G Z go © 1 0000,0000. 


EI 
= 4000 
IN 


IT 


_- 


To the ſine of RZ 29. 20 4 9690.1029g 


dian. 


_ of R.S.triangles, For, 


| Fhirdly, _ '. Loan 
As the ſine of LP 387.88... 979383 
[s to the fine of Z aP a 'I0000,00 
$o 24 the fine of Z R 29 20 , 9690.09 


[-* 
Sg 


 Totheſmeof LPR 5157, 9896.26 


Which 294, 2o' is the diſtance of the ſubſtile from the meri- 


Theſe things given, the angleat P between the two meridi-. | 
ans 1s found by the ſecond variety of the x 2,1 3,14,o0r 16 Caſes _ 
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Having found the angle between the meridians to bee 5 1 q, 
57, you may conclude from thence, that the ſubſtile ſhall fall 
between the third zee and fourth houres diſtance from the 
meridian of the place, and therefore between 8 and 9g of clock 
inthe morning, becauſe the plane declineth Eaſt from us, 9 of | 
clock being 45 d. from the meridian, and 8 of clock 60d. di-. 
® fiant, therefore now letfall a perpendicular between 9 and 8, 
® roenfor: thefancyin the reſt of the work, & this ſhall makeup 

*  thetrianglebefore mentioned,& ſuppoſed Þ R Z, which being 
found, there are 2 wayes to calculate the hourgs arithmetically, 
The firſt by oblique ſphericall triangles (the Caſe)requiring 
two works to every houre, for in the oblique triangle P Z 1 1, 
you havethe angleatP given, 15 d. inthe equator, and the an- - 

le at Z given, 45 d. inthe horizon,and the fide comprehended 
eenthemPZ 38d. 28'onthe meridian, to finde the ſide 
Z 11,the firſt houres diſtancefrom the meridian upon the plane, 
and ſo muſt you proceed with all the reſt, bur this being very 
redious, I omit. The ſecond way is both eafie and pleaſant, 
theformer things being firſt found, for by help of the angle be- 
tween the meridiansat P and the heighth of the ſtile P R,you 
may finde all the houre diſtances as eaſily as you did in the South 
Diall, or if you will every two houres 90 d. diſtant one from 
the other, by oneſubtration and addition of the fame num- 
| bers, or by two additions as you did in the horizontall. 

And here you may note, that in the former work you finde 
all the houres from the meridian of the place, but where you 
uſe the help of the angle between the two meridians, you finde 
the diſtance of all the houres from the ſubſtile each way, which 


is the meridian of the plane, 


Elevation of thepoleSP 5 14,32" 7 


Data, Sth declining EaltSA 45, © | 
E Heighthof the tile PR 7 {| 264.6. 
 * Dxajta, < Diſtanceof the ſabſtileand meridian ZR a9 20 
Angle between the meridians R PZ. Cx577 
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— en. A 


| Houres and | Equino- Logarithmes | Tons 7 - 
rts from | Qia of tangents. our | ] | 
Fre ſubſiile, Fowanlng Nag —_ | TR 
GO Oe j. o———_ | DOOR. 
| 9] 316.57] $729.32 [34 4) / 
O | I4,27 | 9054-41 6,28 3%024 - 
10 2121.57 9248.63 | 10. 3 | 3* = 
| | 3]2927]| 9395.07 |13-57(3* IT | 
IT | T| 36.57 9519-64 | 18.18 | ” : 
: | 44.27 | 9634-97 | 23.20 |%* | 
£4| 13 | SI57| 9749-73 RIES 
] $1} AM0* 7: 09872. 30 | 36,42 4 I5 
I |IT| 66,57 | 10014-4I | 45.57 TAs 
5 | 74427 | 10198.86 | 57.41 E-mn} 
2 | IO| 81,57 | 10492.77 | 72.II. 22 | 
|__| 3 | 89.27 | 11661.66 | 88.46 | 193? 


Houres and { Equino- | Logarichmes | Honrear- | 


Parrs from | all di- | of tangents. | ches on | Differ. 
the ſybſKile- | ſtances. | | theplance | 
7 ET, — —_—_ 
| 3 fo4.33 | 7625.97 | 15 [hn 
8 + 4+ 8, 3 8793.86 _ 34 x | 
| 3 |15-33| 9087.77 j6. 59 4 
17 | 5 |23- 3| 9272-22 10,36 3" | 
| | + [39.33] 9414-33 [14-33|2" 2 
6 | 6 | 38. 3] 9536.90 |19. © 4 Yi 
| Y 45-35, 9651.65 [24. 91% io: 
) | 7 | ) 3o 3 9766.99 | my 7* 36 | 
| 5 | 60.33 | 9891.55 [37-55| 0 2. 
4 | 8 | 68. 3| 10038.00 | 47. 39| 7: a 
(3 | 75-33 | 10232.22 | 57-3&| | 
3 | 9 | 83. 3" 10557.32| 74.3119 


- 


Now therefore make a table for the hopresdiſtanceg as for- 
. merly you havedone,excepting that here youreckon the houres If 
forwards and backwards from the ſabſtile, as you did before - "3 

from the meridian ; beginning with 9, 10, 11, 12, I, 2,0 the 
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one {ide ; and ſo procceding with 3,4 5, 6, 7,and ending with 
$ * on the other {ide ; then ſet unto every houre and part the e.. 
quinodtiall diſtance thereof from the ſubſtile : which is the an. 
gle at P, between the ſubſtile and every houre ; wheretore for 
9 of clock (the diſtance whereof is 45 d. from the meridian)g 
-ſubtra&t 45 d.onrtof 51d, 57', thediſtance of the fubſtile from 
the meridian, and there'will remaine 6d, 57', thediſtance of 
9 ofclock from theſubſtile ; alſo becauſe 8 of clock is 60 d, di- 
Nantfrom the meridian, which is more than the diſtance of the 
fubſtile, take 5 1 d. 57 out of 60d, there will remaine 8d. 3',the 
diſtance of 8 of clock from the ſubſtile : all the reſt of the houres 


afore, 6d. 5 7, and the righy R,' to finde the ſide 9 R, 
by the firſt variety of the fift C. $,triangles, For, 
| Logar. 
As the ſineof PRYZ g90', & 100c0.00 
7s tothe tangent of RPg 6 57 _ 9085.99 
Som theſmeef P R 266 .- gcqyann 
F* TorhetangemoſRg 3 4 X8729.31 


Then againe f1bdu the tangent of R P 9 ont of the ſine of 
R Pand the Radius, and there ſhall come forth a Logar.tangent 
 10557:33 the arch whereof is 74d, 31' the true hourediſtance 
| of 3 ofclockattheſame work, {=35teh, which 1s 90 d. dt- 
| Rantirom 9 of clock, | 


 Butrifthisreleſeem troubleſome, follow the other, which is 
*. bothplaineand eafie, and performes allby addition only: For 
- againe inthe ſchem having done with theſmall triangleR P 9, 
* now work with the complement to 90 d, RP 3, by the former 
 Cajeof RS. triangles, For, DIET! od ET” 
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| Logar. 
Ai the ſineof PRZ 90", o' 1000000 
pro therangentfRP3 83 3 Ogi4.e0 
ppt bt "00M 9643.32 


which produces againe the ſaine houres diſtance as atore, 


Now there being no variety in all the reſt of rhe work, but 
only changing the angle at P,according to every houres diſtance 
from the ſubſtile, it is needleſſe to reiterate theſame ; therefore 

tranſcribe 1nto a paper the Logarith, ſine of 26 d, 6',the heighth 
ofthe {tile P R, which 18 9643.39, for that being continually 
added unto the Logarith. tangents of every houres equinottiall 
diſtance from the ſubſtile, doth begetnew Logarith. tangents, 
whoſe arches are the true houre diſtances upon the declining 
plane 5 Z D. Thus if you adde to the Logarith, tangent of the 
11 houres diſtance 36d. 57', 9876.3 ſgthe Logar. fineof PR 
9643 . 39 (which you may Go in theWooke withour writing 
them down) there will come forth qfkew Logarith. tangent 
495 19.64, which giveth the true lire diſtance for 11 of 
clock,-1 8d. 18', In the ſame placeremove this Log. fine to the 
Logarith, tangent of the complement 5 3d. 3', the equinoctiall | 
hourediſtance of 5 of clock, god. diſtant from 1 1, and adde 
them two together, and you ſhall produce a new Log, tangent 
of 9766.99, which gives the true houre diſtance for 5 ofclock 
304,19 ; and thus you muſt proceed with all thereſt, as you 
le@ done in the table aforementioned, 


The Geometrical projeftion, 

Having thus caſfily calculated all the twelve hourcs at {ix ope- 
rations, draw a line paralcll to the horizon A CB, croſle 1tat 

Tight angles in C, the lines C O 1 2 ſhallbe the meridi2ns. Take 
6» d, of the chord, and making Che center, draw the ſemi- 

circle A OB, repreſenting the azimathG Z D of the ſchem, in 

which che plane tieth ; upon this circle from O-ro'N ct of the 

diſtance of the ſubſtilefrom the meridian, which was fonnd be- 

fore to be 29d. 20, andthat upon the Welt ſideofthe meridte; 
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one ſide ; and ſo proceeding with 3,4 5, 6, 7, and ending with 
$ * on the other ſide ; then ſet unto every houre and part the e. 
quinoQiall diſtance thereof from the ſubſtile : which is the an. 
ele at P, between the ſubſtiſe ana every houre ; wherefore for | 
9 of clock (the diſtance whereof is 45 d. from the meridian) 
-ſubtra& 45 d.ourof 5 14, 57 the diſtance of the {ubſtile from 
the meridian, and there'will remaine 6d, 57', thediſtance of 
9 ofclock from theſubſtile ; alſo becauſe 8 of clock 1s 60 d. di- 
Nantfrom the meridian, which is more than the diſtance of the 
fubſtile, take 5 1 d. 57' out of 60d, there will remaine 8d. 3',the 
diſtance of 8 of clock from the ſubſtile ; all the reſt of the houres 
and parts are eaſily found, by continuall addition of 15 d. for 
an honre, of 7 d. 3o' for halfe an houre, and of 3 d. 45'for a 
quarrer, as by the table it ſelfe doth plainly engugh appeare. This 
being prepared, I retarne againe to the ſchem, wherein I have 
- therightangled triangle 9 PR to refolvg, therein P Ris given 
E the heighth ofthe ſtile 26d, 6', andthe mgle 9P Ris given as 
| aforc, 6d. 5 7, and the rigWMelc at R,” to finde the ſide g R, 
= #7 the firſt variety of the fift Cife of R, S,triangles, For, 


Logar. 
As the ſineof PRZ 90%, & 100c0.00 | 
Fs tothe tangem of RPg i 6579 9085.99 
| Sow theſineof P R 2 © __ g643.0% 
E Zo the tangent ofRg 3 4 Y8729.31 


I Then againe ſabdu@ the tangent of R P 9 out of the ſine of 
- RPand theRadins, and there ſhall come forth a Logar.tangent 
- 10557:93 the arch whereof is 74d, 31'the true hourediſtance 
t--of 3 of clock atthe ſame work, G23», which 1s 90 d. di- 
Y ſtant irom 9 of clock. -” | 
- Buri thisrelefſeem troubleſome, follow the other, which 1s 

-. both plaineand eaſfie, and performes allby addition only: For 
 againe inthe ſchem having done with theſmall triangleR P 9, 
- now work with the complement to 90 d, RP 3, by the former | 
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Logar. 

fs the ſrneof PR Z 907, © 10000,00 

[ito thetangentef RP 3 83 3 10914.90 

So #s the ſine of Þ R : 26+ 6 9643.32 

To the tangent of R3z 74 31 ro FRIES. 


which produces againe the ſaine houres diſtance as atore., 


Now there being no variety in all the reſt of rhe work, but 
only changing the angle at P,according to every houres diſtance 
from the ſubſtile, it is needleſſe to reiterate theſame ; therefore 
tranſcribe 1nto a paper the Logarith. ſine of 26 d. 6',the heighth 
ofthe ſtile P R, which is 9643.39, for that being continually 
added unto the Logarith, tangents of every houres equinottiall 
diſtance from the ſubſtile, doth beget new Logarith. tangests, 
whoſe arches are the true houre diſtances upon the declining 
plane 5 Z D, Thus if you adde to the Logarith, tangent of the 
[I houres diſtance 36d. 57', 9876.3 ghthe Logar. lineof PR. 
9643 . 39 (which you may do in the@ooke withour writing 
them down) there will come forth qew Logarith, tangent. 
195 19.64, which giveth the true ltre diſtance for 11 of 
clock,.-18d. 18', In the ſame placeremMove this Log. finc to the 
Logarith, tangent of the complement 5 3 d. 3', the equinoctiall = | 
houre diſtance of 5 of clock, god. diſtant from 1 1, and adde _ 
| them two together, and you ſhall produce a new Log, tangent 
of F9766.99, which gives the true houre diſtance for 5 ofclock 
39d,19 ; and thus you muſt proceed with all thereſt, as you 
ſeg done in the table aforementioned, 


The Geometricall projeftion, 


Having thus cafily calculated all the twelve hourcs at {1x ope- 
rations, draw a line paralcll to the horizon A CB, croſle itat 
right angles in C, the lines C O 1 2 ſhallbe the meridians. Take 
624, of the chord, and making Che center, draw the ſemi- 
circle A OB, repreſcnting the azimathG Z D of the (chem, in 
which the planetieth ; upon this circle from O-ro'Nict of the - !þ 
diſtance of the ſubſtilefrom the meridian, which was found be-. 


” - 


fore to be 29d. 20, andthat upon the Welt fideofthe meridi- Pf 


\ 
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an when the declination is Eaſt, on the Eaſt ſide when Weſter 
ly. Then take off the ſamechord the ſeverall houre diſtances,a 
they are ready calculated in the table, v:zt, rod 36 for 7 and, 
of clock, 18d. 18'for 11 and 1 of clock, and fo of the reſt, an; 
ſet them both wayes from the ſubſtile upon the circle R N 
us the table itſelfe dire&eth ; draw ſ{treight lines from the cen 
ter C to theſeſeverall points, ſo haue you the true houreline 
_ which weredeſired:Laſtly,take off the ſame chord the height] 
of the ſtile found to bee 26 d. 6', which being ſet from N to R 
_ and a ſtreightlinedrawn from C thorow R, repreſenting th 
axis, the Diall is finiſhed for uſe. 
In applying it to any wall or plane, let A C Þ be horizontal 
C O perpendicular, and the fide or axis of the ſtile CR point 
Ing to the South pole in South Dials, and to the Northpole i 
North Dials, erected at right angles over the ſabſtile line CN 
memes you fitted a Diall for any South plane declining 45 d 
_ Andnow you have in this one Diall made foure together 
2124, a South declining Eaſt and Weſt 45 d. and North decli 
ning Eaſt-and Weſt as much, only placing the numbers of th 
houres and the ſtile reſpe&ively upon each plane, To mak 
this plainly appearcgout of the former ſchem, ſuppoſe that 
| were againe the North part of the horizon, and P the Nort 
pole, and that G Z D werea north declining plane 45 d. Well 
as much as the pole A is from $, then do all the houre circle 
croſſe the ſame plane as they did the former, only D 2 Z whic! 
was in the former the Eaſt ſide and afternoone houres, w1 
now beD 10 Z, the Welt ſide and forenoone houres, and ſo o 
the reſt ; the ſtile alſo, which in the Eaſt declining ſtood be 
tween 9 and 8 of the forenoone houres, willnow in the Wel 
declining ſtand between 3 and 4 of the afternoone houres. An 
leſt there ſhould yet be any doubt conceived, I have drawn al 
the foure Dials aforeſayd, wherein you may plainely fee tha 
there 18 no difference at all between the” South declining Eaſt 
and the South declining Weſt, but that the forenoon houres or 
the left hand of the meridian in the Eaſt Diall are become thi 
afternoon houres on the right hand of the meridian in the weſl 
Diall, and contrary,the ſtile alſq gf neceſſity changing the place 
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with the houres for the reaſons aforeſayd. | 
And here you may alſo obſerveeach North Diall framed our 
of the correſpondent South, only drawing the houre lines efthe 
South D1all thorow the center ſtile and all, v:zt., the N E out of 
theS W, and theN W out of the S E, ſuppoſing B C D drawn 
out of the S W Diall, to bee placed upon the N E ſide of the 
plane, and B'C D drawn out of the SE Diall,- to bee placed on 
the N W ſide of the plane, according to the true nature and de- 
clination of each plane,ſecing it followeth of neceſſity that the 
| South ſide of the plane declining Weſt, the North ſide thereof 
| declineth.as much Eaſt, and contrary, and this alſo holdethin 
thereſt of the lincaments belonging to each Diall, 1 
Laſtly, one thing more may bee noted, naturally ariſing out 
ofthis ſchem, which few other will afford, v:z#, all the ie 
Dials ready drawn upon it, a good argument to prove the ana= 
logy of them, (mutatis mutand;; ) for the South declining Eaſt, 
& the North decliningWeſt,are repreſented by the line G Z D, 
{uppoſing the one fide of it according ro the ſite of the Poles 
Aand B, to reſpe& the North, and the other fide the South, as 
| before; and in the very ſame manner imagine B Z A to bee the 
declining plane, and G D the poles thereof, then have you S G 
aſouth declining weſt,and N D a north declining Ealt 45d.and 
theprickt houre circles, with the very fame angles croſling the 
plane B Z A, as formerly the black lined circles did G ZD, for 
the houre circles falling from P upon D Z Gin the ſouth declt- 
ning eaſt, and north declining welt ; as alfo upon B Z A inthe 
fouth declining weſt, and north declining eaſt, have like and 
equall interſeRions,as by the bare inſpeXion of the {chem doth 
appeare, From theſe reaſons I conclude, all theſe kindes of Dt- 
als tobebut one : and note that in the table I have {ct the honres 
of weſt and eaſt declining together, that it may ſerve for both 
turnes, ſeeing the houre arches upon the planes have the ſame 
angles and diſtances in both, Now becauſe theſe kin:les of Di- 
als are of all other moſt common in uſe, and to make them the 
more conſpicuous to every mans eye, they are ufually drawn 
very large, in whichcaſe it is convenient to uſe a rod for the 
{tile inſtead of a plate ; which being made of cquall greatneſle, 


| the whole lengthlike a cylinder, the ſhadoy of the upper part 
towards 
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towards the center (in Dials that have centers upon the plane 
will crofſe the houre lines when the ſhadow of the lower pa 

 willnot touch the ſame, and for this cauſe ſome do conceive th 
Diall to bee falſe made, not conſidering that the middle of th 

' ſhadow ſkhewes the true houre, and nether {ide of the ſame.T 
help this, you may make the ſtile tapering, largeſt at the low! 
end, and fo growing lefſe towards the center, as the houre lin 
do in the Diall ; tor {ecing the meridians are equidiſtant in tt 

Equator, and the honre lines upon the plane, whether broade 
or narrower, are cquall in time ; from the diameter of the gre: 
ter end (which is arbitrary) draw two ftretgat lines, to met 
in a point at thelength of the ſtile, ſo ſhall it bee proportioned 
that the ſhadow may touch the houre lines all at once, yet cor 
ſidering that neere the ſubſtile a ſmaller ftile will ſerve the tur; 

whoſe ſhadow ar the diſtance of the remoteſt houre upon th 

plane will vaniſh, not making an angle of 3o, it will bee fit t 
know what mult bee the leaſt proportion of the ſtile, to g1y 
ſhadow unto all the houre lines of the plane. -Suppoſe therefo! 
an equinoiall line to bee drawn upon the plane, at what d 
ſtance you will from the center, croſſing the ſubſtile at rigl 
angles, and the houre of 10 produced beyond the plane, as dot 
theline 1 N 7, intheformer Diall, at the diſtance of N C, 1; 

- parts oFan inch, (accounting an inch to a foot,) Next ſeeke th 
length of the Radius of this equator N z in the ſame parts,6y :/ 
frſt Caſe of R, P, triangles, 


Logar. 
As the ſine of N 4 C 11 90% © I 0000.0000 
Is to N C NE $2, + 0243.0380 
Sowthe pneof N C 4 26 6 + 9643.3926 
cs R *' 7699 — 9386,4306 
Charact, Compl. 09. 


Therefore the length of N is next hand 77 centeſmes of a 
inch, which being the Radius,the equator is a tangent line thet 
unto, and the diſtance of the houre of 11 upon the equat 
ſhall bce the naturall tangent of 56 d. 57', and the houre of 1 
(the remoteſt croſling the equator) ſhall bee the naturall tan 
gentof 81d.57 727959, as appeares in the table zand this mw 
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the foot of the tile, but from the top of the ſtile, which ſerverh 


our purpoſe, it is the ſecant thereof 514996, wherefore by the 
ſecond caſe of R, Þ, triangles. 


As the Radins, ſuppoſed to be the di- 
france from the Sunto the plane . . 10000.0006 
I; to the tangent of the ſemudia- 
meter of the Sunne . Re ER, = AG. 5 + 76 3 9.81 59 
$o 1s the arflance in parts of the ſe "© 
cant from the top of the ſtile to 
the interſeftion of the equator, 
and x upon the plane ,. ., ' 714956 + o85 3.7566 
To the ſemngiameter of the ſtile in i 
like parts « 7. + 4, op < LIg 
| Compl, Char. 1. 


Wherefore ſix hundred parts of the Radius next hand ſhall 
be thediameter of the ſtile at the place of the Nodus ; which if 
you w1ll have in parts of an inch, as the Radius was formerly 
tound, raultiply 93116 by 77, ſo have you £2399 therefore the 
whole diameter 948 parts of an inch next hand divided into 
100, And thisbeing the leaſt proportion that can be, you may 
Increaſe it, as you think good. 
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CHAP, X1. 


To draw the honure lines vpon any plane declining farre Eaſt or 
Weſt, or any other, in which the houre lines Tunne cloſe toge- 
ther, by help of twa equinotttall lines without reſpett to rhe 


Center, 


Fez Eforc I paſſe from declining planes, Tthink it fit to 


- 


Eg ſhew the making of thoſe Dyals which by reaſon 


# of their great declination haveſo ſmall elevation of 
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& WA the ſtile, that the houre lines running cloſe toge- 
ther, are of little nſe without ſome other help, Such 
re many both recliners and declining recliners, but chiefly alt 
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thoſe, that decline Eaſt or Weſt 80d. and upwards. In whici 


ſome of the houre lines are but few minutes aftnder, and the. 


ncerer the declination 1s to go d, the narrower are the houre 
lines, as by the {chem tt ſelfe and this example tollowing will 
more plainly appeare. To remedy this, the ordinary way 1s 
with a beame compaſie of 16, 18, or 20 foot longs, upon a 
large floure to draw the Diall, and then to cut off the houres, 
tile and all, at 10, 12, or 14 foot diſtance from the center, as 
will beſt fit the plane, but this being too mechanicall for them 
that have any trigonometricall $kill, I omit, and rather com- 
mend the way following , by help whereot you may upon halfe 
1 ſheet of paper make a perfect modell of your Diall, to what 
Treatnefſe you think ft, without regard at all to the center. 


The Demonſtration, 


* Suppoſe thereforethat the wall or plane D Z D, on which 
you would make a Diall, declinethfrom S to A, chars is, from 


South Eaſterly $39. 37' : Having drawn the (chem by the. 


rules of the Cath cm agreable to this declination, (as 
you ſte done in this example) ſer downe the dara, and by them 


ſeke the 9re/ita, 


a: S Elevation ofthepolePS - TH ce 


Decimation S A South Eaſterly , _” 02 37 
Y Heighth of the filePR- {| 3 3 58F- 
Dueſitas Diſtance of theſabſtile and meridian ZR 28 18 


/3 Angle of the meridians ZPR  - 385 © 


E hd you {hall inde the heighth of the pole or tile PR above 
the planc robezd,58 5 the firſt of the firſt caſe of R. S\ trian- 
gles, The ſubſtile from the meridian Z Rtobe 354. I8', by the 
firſt of the forth caſe of R.S ;Eriay gles, And the angle between 


tne meridians Z ÞP R ,to be 85 d. o' next hand, &y the ſecond of. 


the ſixteenth caſe ; which an: cle ſhewes Has if the tubſ{tile were 
dawn, atthe diſtance of 3 238d. 18 f om the meridian,it would 
all within five degtces of 6 of clock upon the coiling 


ne ſubſtile at rig ;be anvlÞs, 
K 2 The. 
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$24 
= ns "E 
The firſt Table for 83* 37. | 
 Houres ) Equino- Thetrue | Natu- |\- 
" | and | Qiall di- | houredi- | ralltan- | 
parts. | ſtances, | ſtances, | gents, | 
HE 5 5 9 LT G—— | |} 
410 [1357 !o | 20 46 | o483 
15 ior in5 | 3 24 | one | 
Ea 17 [52 | ? +4 | o6r | 
7 | 23 45 | 1 45 | 0zos | 
E- 3 O 20 7}. © | I 27 O253 
SHES 185 | = Þ© |  Onor 
[2 ji3z 7140 Sf 32> Orsa f| 
b 5 E 5”: 374] vie | 
6 | © 5 & 1]  2T } . Degy 
| - I5 O 5 Oo14 | 
; _ Lis | © 10 ons 
| : 3 20 0075 | 
EL .71 0 [}3O O O 2 | O125 
| I "3 145 O 58 | Orgs 
| RE my 22 T 25 O:18 
| : © I5 I 32 0268 
EE [F  ** | *8 
I's 1128 45S | 2 10 | . oz | 
i i = 2 31 ] ogg | 
ws (8s Þþ |. 7 54 | ox | 
9 ,'0. [140 1] 5 19 0579 | 
MP - 47 | vom 
T = 7 791 VOros | 
4 5 ep 3 
is {Pj} 5 38 0985 | 
— CIs 4þ{ 6s 30 | nap | 
| i FP] 7 34 | Tas | 
| | 2 1400 #3 8 I'S i572] 
ix lo [fs |o[1io 45 | 1899 | 
is (13 45 | 13. 21 } 2373 4 
2 FI pet i7 20 f Juan } 
; 3 T3 24 I2 4494 | 
I 2 ©: 85 © 385 I'9 l Took .- 


4 


Now taerefore make a table of houres, halfes, and quarters, 
if you think good, according to the firſt example, wherein eve- 
ry houres true diſtance and part, is calculated by the rales of the 
former Chapter, and neceſſary if you work from a ſappoſed 
center, but beginning from the equator, you ſhallnotneed to 
take that paines, the equinoiall diſtances alone from the ſub- 
ſtile, and their naturall tangents (both which are had without 
trouble of calculation) being altogether ſufficient for this turne, 
35 you may ſee in the ſecond Table, Adjoyne therefore unto 
cach houreand part the equinoRtizll diſtance thereof from the 


The Art of SHADovvEs. 125 


The Arithmeticall calculation. 
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The ſecond Table of 83* 37'.| 
Er TT GE Ia oe ed pf 
| Honres | Equino- | Natu- 
and | fall di- | rall tan- 
parts. | ſtances, | gents, 
4 1 35 0 
| £ | 27 zo | 550 
eq; 71 89 © 364 | 
221 
13 230 —— 
6; 3 9 | 
z | Subſtile | | 
3 20 } an 1 
71; |} 10 @ I 75 
3} 7 19 IRS 
8 4 1 25 Oo. 4.59 
3 | 37 30 | WM 
91 S409 1 0} 
s | 47 3%] 0 
10] 2 $5 -0 I 423 | 
I #, ' 
it! 1] 6 © 0 
: | 77 3] 4 | 
13] 13 | 05. 0 Tae 


ſibſtile,v:z4, for 6 of clok 5 d. 

for 5 of clock 20d. for 7 of 
clock1od. for 8 of clock 25 d. 
and ſo of therecſt, as you ſee in 

the example ; and unto them 

aide the naturall tangents of 

cach houres diſtance, ſo1s the 

table prepared for ufe, by 

which you may eaſily framg 

the Diall to what greatneſfle' 
you wHl after this manner. 
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The Geometricall projection, 


Proportion the plane B C DE, whereupon you will draw 
the Diall, to what ſcantling you think fit, as here it 1s to fourc 
foot, and ſeven foot, allowing for the ſcale an inch to a foot: 
let V Rd paralellto BE, be the horizontall line drawn where 
you will, npon any part thereof, as at P, make choice of a fit 
place for the perpendicular ſtile; (thongh afterwards you may 
a{e another form ) neerc about the upper part of the plane, be- 
cauſc the 2rcat angle between the two meridians maketh the 
ſabtiie which muſt paſſe thorow the point P, to fall ſo neere 
the 6 of clock houre, that you can part but one houre above 1t, 
if you will bring 11 of clock, more uſefull than 4, into the 
plane ; letP be the center, and with any chord (the greater the 
_ better) make two obſcure arches, one above the horizontall 

line,the other under theſame ; of the ſame chord take 5 1 d.42', 
theangle between the ſabſtile and horizon (which is the com- 
plemenr of the angle between the fubſtile and meridian) and 
{et it from V to T both wayes, draw the ſtreight line TP T, 
which ſhall be the ſubſtile of this Diall, This done, ſuppoſe an 
equinottiall line in your imagination, (or draw a deledle line 
if you will)cutting the ſabſtile at right angles, as neerethe true 
place as you can gueſſe, upon which proportion the diſtance of 
either of the extreme houres of the Dyall, as great or as little as 
may juſtly fill the plane : for example, let 5 of clock be-Z: parts 
of an inch from theſubſtile (which is 9 inches off,accounting an 
inch to a foot)&1 would find out the length ofthe radius agree- 


I - — able thereto, by which to try if the other extream houre will 
F Aallofall out conveniently upon the plane, wherefore by che /e- 


cond caſe of R, P, triangles, Ifay, 


eter Htheitnnoent of 204, the equinoctiall di- © Logar, 

 ftauceof 5 of clock from the [ubſlite + 9561.06 
Ts to the liner H 075 parts : . \» 2804 
To rw the radings H & upor the ſabſirle | ef TO000.00 
fa 16 IT a & #7 þ OE 
Totheline 1 G,er HO, 2061 partes ,- 4 O314,00 
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| Orby theſamecaſe, .. "0 
Logar. _— 


eAs the ſneof r G H2od, + 9534.0516 
1s to the liner H 75s parts — 0©124.9387 

 Sotsthe ſneof Gr H7od + 9972.6858 - 
Tothe line G H 2061 parts + 0313.9955 


Now making the line G H 205 the Radius, that is, 2 inches 
and ,-< parts, and opening the ſeor to the width, try whether 
2747 thenaturall tangent of 70d. the equinoRiall diſtance of 
1 1 of clock from the ſubſtile, ſet off from H upon the equino- 
Riall line, will fall within the plane ; if not, make this Radius, 
and conſequently the houres greater or leſſer till they juſtly fill 
the plane, which will follow in due proportion, becauſe the e- 
quinoQtall lineK HY, isa tangent line to the circle, drawn up= 
on the Radius, or ſemidiameter HG, From this ground you 
may alſo finde the length of the Radius by the greatneſle of the 
plane, (as inthe ninth Chapter) adde 3654 and 2747 the naturall 
tangents of 5 and 1 1, the two extream houres together,ſo have 
you 3111 that is three times the radius,and 1 x hundred parts,for 
the diſtance of thoſe two-houres, by which divide the radius 
(encreaſed for more exaAneſie with as many .ciphers as you 

will) the quotient will bee 321, or feeke the arithmeticall 
complement of the logarithme of 3111 in the chiliads, vizr, 

_ ©507,1000, and that ſhall give you the length of the radius 321, 
as afore. Then open the ſeRor to the width of 5 and 11, 
(which two points you may aſſigne where you pleaſe upon the _ 

_ equator) take thereof 32 parts, which ſhall bee the truelength 

of the radius deſired, When you have fitted the radius for the 
two extream houres, all the reſt may be put on by the tangents 
proper to them, bur it will be firſt neceſſary to finde thelength 

of the perpendicular ſtile, by help whereof to draw the equi- 
noQiall line in the true place, therefore in the triangle H OP, 

right angled at P, by the firſt caſe of R, P. triangles, 


£ 
£ 
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As the fineof HP O goo 10000,00 
Ts to the line HO © 2061 ee” 3 14.00 
So# the coſine of HOP 3-58 - 9998.96 
Tothelme OP 2956 10 31 2.96 
| K 4 
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Now making 2956 v:zF. 2 inches, and ,££ parts, the lengti 
of the perpendicular ſtileQP to be the radius, theſubſtile T Þ I 
ſhall bea tangent line thereunto, and P H the diſtance of the e 
quatorfrom P, is 959 parts, the naturall tangent of. 3 d. 58', th 
heighth of the pole above this plane, by which point FE 
draw the line before imagined, which, if you have not erred 
will cut the horizontall line at 6 of clock, and make an angh 
with the horizon of 38d. 18', equall to the diſtance of the ſub 
ſtile from the meridian ; upon this line (making H O, or HC 
to bee the radius) you may by the former rule with a ſcale © 
inches, or by the {efor, or by aline divided equall to H Of as ir 
the firſt Chapter) by help of the naturall tangents aforeſaid ſe 

- on all therelt of the houre diſtances that you deſire; for exampl: 
in 1 1 of clock, by the ſecond caſe of R, Þ, triangles, Wy, 


Logar, 
As theradius HG or HO 19000,00 
Ts tothelize HO 206 03 14.00 
Sos Hin thetang, of HG 11 7o'&' 10438.93 
Totheling11 | $662 X075 2.92 


Which 1s 5 inches and £5 hundred parts tor the diſtance of 1 1 
of clock from the point H, and fo of thereft ; or for brevity": 
fake, take the logarithm of H O 0314.00 into a peece of paper 
& ad it to each Log.tangent of 5 d. 10d.25 d.4od. &c.fo ſhal 
you beget new logarithmes, which being found in the chiliads 
$hall yeeld abſolute numbers, that taken off the ſcale of inches. 
and ſetfrom the ſubftile both wayes, will give the true diſtance 
of each houre and part upon this equinoQall line, agreeable 
with the naturall tangents aforeſaid taken off the ſeor, Having 
done with this equinoRiall, you muſt do the like with another, 
which may bee drawn above or beneath this without reſpect | 
z6 finde the place whereof, it will bee neceflary firſt to know 
thelength ef the whole line from H the equinoQiall to the 
center of the Diall in parts of the perpendicular ſtile P O, if you 
will vor { by the ſcale of inches, or in naturall tangents, if by 
the feQor';'vrherefore by rhe ſecond caſe of R. P, triangles, 


A, 
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ei Logar, | 
As the radins PQ 10000.00_ 
Is tothe lme P O 206 03 14-07 | 
' Soi the tangentofPOA 3*58 © $840.99 
Tothelime P H O14 —— 9155.06 
__ Compl, char. o, 
And ſo is the tang, of POALT 862 11159.00 
| Totheline P center 2972 X1473.07 


Adde the two lines of 04 and 2972 together, ſo have you the 

| whole line 2935 from the equinoctiall to the center, in parts of 
E the radius P O, v4zz. 2 9 inches, and ,** parts, out of this line a- 
bate what parts you pleaſe, (if you will draw the ſecond equi- 
noQiall line above the firſt, or adde them if you will draw it 
under) ſuppoſe 3+: that is 3 inches and; parts, which ſet from 
H to L upon theſubſtile, draw another equino&iall by L, para- 
ell to the former ; then will LO bea new radius for this equi- 


notiall line, as H O was for the former, and is thus eaſily found 


by the fourth of the ſixt book of Enclide, EO 
ER Logar, Ar,Compl. 
As the whole line H center 296 8524.90 
?s to the Radins HO inparts 295 0314.00 
Sou L cent (343 In, being abated) 2643 1422.10 Ar.compl, 
To the radins LO inparts 132 Fo0261,00 


Having the length of LO one inch and ;* parts, make that the 
radius, then ſhall M L 4 be a tangent line thereunto ; open the 
x {cor to the width of LO, (or divide a line,as in the firſt Chap- 
ter) and take off from either of them the ſame houre diſtances, 
which ſet upon this equinoctiall line, as you did upon the for- 
mer, you have two pricks for every houre (upon each equino- 
call line one) by which to draw thetrue houre lines, without 
regard to the center atall, Now may you draw a line from O 
to O, at thelength of each radius H O, and L O, which fhall 
be the true heighth of a triangular ſtile repreſenting the axis, 
to be continued as farre as you will ; which you may alſo finde 
npon each equinoRiall line for more certainty ſake, in this man- 


ner ; by the firſt caſe of R, P, triangles, 
es 
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2” Logar. 
As the ſine of HKO 86'2 9998.95 
or L M1 O 
H O 296 ©0314,00 
Ts to the line< or 
LO x82 0261,00 
Sor the fneef HOK goo 10000.00 
or L O 1 | - 
HK 23066 0315 ,05 
To the lines or © | 
L M1 _ 1829 0262,05 


Ser of 2966 inches from H to K, and 1829 inches from L to 
(by help of a ſcale of inches) ſo have you fower pricks to dray 


the axis by. 


T he operation by natarall T angents. 


But if you will work by naturall Tangents only, you ma 
withſomelefſe labour attaine your deſire inthis manner : Ha 
ving drawn the horizontall line and ſubilile as afore,proportio! 
the length of P O the perpendicular {tile,to what ſcanrling yo! 
will: letthatbe the radius, then is P H the naturall tangenr o 
3d. 58,99 partsof a radius, which take off the ſeor openec 
to the width of P O, and ſet it fromP to H ; next let H O be th: 
radius, and ſet off the niturall tangent of 20 d. 364 from H up 
wards for 5 of clock, and the naturall tangent of 70d. 274: 

from H downwards for 1 1 of clock ; if theſe two houre diftan 
ces fitthe plane to your liking, proceed,if not, make P O greate! 
or lefſer as you ſeecauſe, according to which the diſtance of F 
from P, by which the equinoCtiall line maſt bee drawn, and the 
length of H O, and the width of all the hourelines do propor: 
tionally vary. Or if you like it berter, you may at firſt (by thi 
former rule) finde the length of P O proportionable to the 
width of the two extream houres 5 and 11, which yon ma) 
preſcribe at your pleaſure, Having fitted the houres upon this 
line, draw another ; to performe which, let P O bee the radiu: 
 againe, then is PH the naturall tangent of 3 d. 5 8', 059 pores 
an 


aha: ws as" ts TRL 
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and P center, the naturall tangent of 86d. 2, 1442", adde them 
cogether, you have the whole line H center, 14490 that is 14 
times the radius, and ;2 parts,out of which \ubtra& what num- 
ber of parts you will, the reſt 1s the diſtance from the ſecond e- 
quinoctiall to the center, ſuppole 13 that is 1 radius and ;52 
arts, which ſet from H to L, by the point L draw the line 
M L 4 paralel] to the former equinodtaall, and there will remain 
from L to the center 129i, Now feck thelength of L O which 
i the radius for this line, as H O was for the former, let HO 
therfore be given in ſome known parts 321 that 1s 2 parts next 
hand of the width of the two extream houres 5 and 11, 6y rhe 
former fourth of the ſrxt booke of Euclid. | 
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| Logar, 
As the whole line H center 1449 + 1161.08 
[s to theradins H Oinparts 322 — 0493.50 


| 
Fo 15 the line L centey 1291 + TI1O.92 if 
# , , af a x NEL : , Ss | | | 

To the radins LOinparts 2386 — 9456.34 li 
BY ompl \ char. ©, {1 


Now making L O the radins, open the ſefor to that width, 
and (et on the naturall tangents of every houres diſtance upon 
this equinoaiall line, as you did upon theformer, ſo have you 
two pricks to draw each houre line by, as you had before ; the 
axis or ſtile line K O M O is found as in the former work, which 
muſt crofle HO and LO atright angles, and being drawn,you 
have done. All] this by help of a line of 1 2 inches divided into 
10 parts, and = partſabdivided into 100 (as hath been former- 

lv ſhewed) may be caſily transferred from the paper into the 1 
plane. Thas may you take your choyce, whether you will give 
the width of either extream houre, and from thence argue the 
Ir:gth of the radius, andother things unknown 3; or elle give 
Helength of the perpendicular ſtile, and by that proportion 
thereſt ; or thirdly give the capacity of the plane, and thereby 
collec thelength ofthe radius, &c, for all tiree wayes you may 
Fc11!y odtain your defire. 
g. Aninote, that if you will content your ſelfe with fewer 
J onres, you may put the ſubſtile into the middle of the plane, 
Jen taking in but the houres of 4 and 9, you may _ 
* NOUTES 
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© houres diſtance twice as great as it was ; but if you be not con: 
fined by the plane, neitherare youlimited in the width of th, 
houre lines. 


ua P. XIL. 


To draw the houre lines upon any direft plane, reclining or uct. 
ning Eaſt or Weſt, 


2 Itherto I have only ſpoken of ſuch planes as are 
© either paralell or perpendicular to the horizon, 
, all which, excepting the horizontall, lie 1n the 


PZ 


Y plane of ſome azimuth or other : The reſt that 
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Weltreclining plane lic in the meridian, or South and North 
azimuth, and the poles thereof in the prime verticall ; but the 
plane itſclfe in ſome circle of poſition, (as it is aſtrologically ta- 
ken) which is a great circle of the Sphere, paſſing by the North 
and South interſeQions of the meridian and horizon, and falliye 
Eaſt or Welt from the zenith upon the prime verticall, as much 
asthe poles of theplane are clevated, and depreſſed above and 
underthe horizon. And this kind of plane rightly conceived, 
andrepreſented in the ſchem by NOS or N+9 S, is no other 
but anered declining plancin any Country where the pole 1s 
elevated tne complement of ours : for if you conſider rhe 
Sphere, it is apparant that as all the azimuths repreſenting the 
--dechners, do crofle the prime verticall in the zenith, and fall at 
right angles upon the horizon, ſo do all the circles of poſition 
repreſenting the reclining and inclining Eaſt or Weſt planes, 
crofle the horizon in the North and South points of the meridi- , 
an, and fall at right angles upon the prime yerticall. From 
which analogy it commeth to paſſe, that makinga Diall decli- 
” ning 


ds Au 
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ning 30d. from the meridian, it ſhall bee the ſame that arecli- 
ning 30d. fromthe zenith, and contrary, only changing the e- 
levation of the pole into the complement;thereof, becauſe the 
prime verticall in this caſe is ſuppoſed to be the horizon, above 


which the pole is alwayes elevated the eomplement of the 
hejghth thereof above the horizon, 


Elevation of the pole 51432 NP < 


Pata JRecination Eor W 35 0 ZQ,orZg 


x Theheighth of the ſtilePR : 26141 
Lueſitag 2 The diſtance of ſubſt, & merid.R N 45 52 
3 The angle between the meridians RPN 66 2 7 

So hae Ne we” 
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The Demonſtration, 


Before the making of the Diall, draw the ſchem by the rule 
of the fourth Chap. then find (as in all decliners) firſt the eleva- 
tion of the pole above theplane,which is P R, part of the meri. 
dian of the plane, beeween the pole of the world and the plane: 
ſecondly, the diſtance thereof trom the meridian of the place, 
whichis N R, part ofthe plane betwixt the ſubſtile and meri. 
dian : thirdly, the angle betwixc theſe rwo meridians N ÞP R, 
by which you may calculate the houre diſtances as in the de- 
Cliners. 

Firſt therefore in the ſuppoſed triangleNP R (becauſe you | 
know not yet where R ſhall fall) you havethe right angle at R, 
the ſide oppoſiteP N 3 1d. 32/,& theangleat N, whoſe meaſure 
isthe reclination Z O 35 d. to finde the tide P R, the elevation 
of the pole above the plane, or the heighth of the ſtile, &y he 


firſt or ſecond varieties of the firſt caſe of R. $, triangles, 


Firſt, : Logar. 
eAs the ſneof PRN 997 Oo I0000.00 
Ts to the fine of thefpde PN 51 22 9893.74 
So 75 the fine of PN R 87 © 9758.59 


Ts the fine of the ſide P R 26 47 F9652.33 
The heighth of the pole or ſtile above the plane. 


Or _ if you will in the quadrantall N Z O, by the ame 
CALC. 
— no POT 
As thewhdle fee NZ go! & 10000,00 
Ts tothe ſine of NP 51 32 9893.74 
Ss i5 the ſine of Z O 85 |:O hg 1 
To the ſineof P R 26 41 Y9652433 


Secondly, you may finde the fide NR, which is the diſtance 

of the ſubſtile and meridian, by the ro varieties of the ſecond, 
ehira, and fourth caſes of R, S, triangter, 

Kd . is, 
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4s the fne of P RN | got & nxoono.co | 
Þ; to the tangent of the baſe PN 51 32 10099.91 
fois the coſine of the angle PNR 35 © 9913.36 


To the _— of the fde NR 45 52 I0013.37 
| The diſtance of the ſubſtile from the meridian. 


Thirdly, the angle at Þ between the two meridians may bee 
found by the two varteties of the 1 I, I2,1 . I4, 15 ,and 
16 caſes of R, $. triangles, 

Logar. 

As the fine of the ſide P N $1132 9893.74 

[; to the ſine of the angle PRN go o 1000.00 © 

ſos the fine of the fide N R 45 52 9855.95 

To the fone of the angle RP. N 66 27 9962.21_ 


| TheangleatP being 664, 27', muſt needs fall between 7 
nd 8 of clock, becauſe 8 is 609. diſtantfrom the meridian,and 
is 75 d. diſtant, therefore now let fall a perpendicular from P 
oR, ſomewhat neere the middle, between 7 and 8 of clock, 
yhich will help to direR the fancy in calculating the houres. 


| Hourepand | Bquino. | Logarichmes | Hourearjt | 
Rs tubſtile. Gr "7h Gs, 250 _ os | Ditfer. | 
4 E we q ; og non Þ RPE | 
s 4 6*,27' | $056.81 24.54 ag 
I | 13.27 | 9047-49] 6.22 2 | 
9| 3|21.27| 9246.62 | 10, o | 3* 3 
Fo z|28.57| 9395.19] 13657 ( TBE | 
10|. 2|36,27| 9520.95 | 18:21 | + 7. 
| 2]4357] 9636.4r| 23.25 [3 4 | 
x] T51.27| 9750.95 | 29.24 | 5: 59 
3 | 58.57 | 9872.70[| 36,43 le. 19 
I3| 12 66,27 IOOT 3.00 45.51 9. S | 
5 | 73.37 IO0193,41I $7.21 I 1.30 |. 
T |IT | 81.27 | 10475.25 | 71.29 | 14+ 5 
J__| 3188.57 11399-22 [87.40 | 16-17 | 
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IS nn] FE | 2 {pit | 
| the ſubſtile- | ances. the plane+ | 
: _ — me Wy | ; | 
| 3. [1% 3] 7905-45 | 2B [gout 
17 | 5 |is. 33] $829.42 | 3- 52 2 | 
| | + 1116. 37 9110.28 | 7. 32 A 42 | 
[6.6 | 23.33 | 9291.62 alin $15. 4 
iis [35-31 9481-94 |I5-: 814-221 
5 | 7 | 38-33] 9553-42 [19.4]. 78} 
- 40. 3 9668,26 24, 9 7 19] 
4 ; 8 | 58.33] 9783.92 | 31,18 7. 46 | 
is 1 34. 9299-47 139- 4h ae | 
{ 3: | 9 | 68.33 I0058.05 | 48.49 2$2.24|- 
Lis (79 31 2925768 [67.3145 
is io 183.337 1959995.1 75.504. 7 77! 


The Arithmeticall calculation - 


Now make the table, (as heretofore direted) beginning wi 

$ of clock, and ending with 7 ;, as you ſee in theexample ; : 
down by thoſe houres all the equinoQtiall diſtances from t 
ſabſtile, v:z, for 8 of clock 6d. 27', for 9 of clock 21 d. 27' a 
ſo of the reſt ; then ſeek the true houre diſtances npon the plar 
by the firſt variety of the fift caſe of R. $, triangles ; for in thet 
angleRP8, 


Logar. 
 Asthe fneof PR8 god &f TYooo0.00 
Fs to the tangent of RPs 6.27. 9053-18 


So 14 the rue of the ſide P R 26 41 9652433. 
"To the tangent of theſſde RY 2 54 X8705.61 


This 24d. 54' is the true diſtance of $8 of clock from the ſu 
ſtile. And there is no other difterenceat allin calculating t! 
reſt of the houres, but encreafing the angleat P according | 
cach houres equinoaall diſtance "A the ſubſtile, ” 

Therefore now take into a Paper the Logar.ſineof PR, tl 


elevation of the ſtile, which is 965 2.33, andaddeitcontinuall 
4 
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The Demonſtration, 


Before the making of the Diall, draw the ſchem by the rules 
of the fourth Chap. then find (as in all decliners) firſt the eleva- 
tion of the pole above theplane,which is P R, part of the meri- 
dian of the plane, beeween the poie of the world and the plane : 
ſecondly, the diſtance thereof trom the meridian of the place, 
which is N R, part of the plane betwixt the ſubſtile and meri- 
dian : thirdly, the angle betwixc theſe rwo meridians NP R, 
by which you may calculate the houre diſtances as inthe de- 
cliners. 

Firſt therefore in the ſuppoſed triangle NP R (becauſe you 
know not yet where R ſhall fall) you havethe right angle at R, 
the ſide oppoſiteP N 3 1, 32/,& the angle at N,whoſe meaſure 
is the reclination Z O 35 d.to finde the {ideP R, the elevation 
of the pole above the plane, or tke heighth of the tile, &y rhe 
fir{t or ſecond varieties of the firſt caſe of R. $, triangles, 


Firſt, x Logar. 
eAsthefineof PRN 99* Of I0000.00 
Ts to the ſine of the fade PN 51 '32 E 989 3 74. 
So 75 thefpneof PNR OO. 9758.59 


To the ſincof the fide PR 26 43: Xx9652.33 
The heighth of the pole or [tile above the plane. 


Or againeif you will in the quadrantall N Z O, by the ame 
caſe. = 

5 Logar. 

A's the whole fee NZ go! & 10000,00 

Ts tothe ſine of NP 51 32 9893.74 

Ss the ſme of ZO | 35 © 

To the fineof P R : 26 41 F9652433 


| | Secondly, you may finde the fide N R, which is the di "FRE 
4 of theſubſtile and meridian, by zhe 20 varieties of the ſecond, 
 #hird, and fourth caſes of R, S, rriangler, 
| Þ- As 


a we” - 92 
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4s the fne of PRN | god f 10000,00 
I; to the tangent of the baſe PN 51 32 10099.91 
$04 the coſine of the angle PNR 35 © 9913.36 


To the tangent of the fde NR 45 52 _ 10013.37 
. The diſtance of the ſubſtile from the meridian. 


Thirdly, the _ angle at P between the two meridians may bee 

found by the twowarieties of the 11, 12,13, 14, 15 zand 
16 caſes of R, 8. triangles, 

Logar. 

As the fine of the fide P.N 51132 9893.74 

{1s to the ſine of the axg/e PRN 9go o 1oooo.c0 © 

| $0 6 the fine of the fi eNR 45 52 9855.95 

To the fone of the angle RPN 66 27 9962.21 


| TheangleatP being 66d, 27', muſt needs fall between 7 
{and 8 of clock, becauſe 8 is 604. diſtantfrom the meridian,and 
7is75 d. diſtant, therefore now let fall a perpendicular from P 
-to R, lomewhat neere the middle, between 7 and 8 of clock, 
which will help to direR the fancy in calculating the houres, 


ia "I 


| _— __ onus: LOI | Houre ar __ 
_ tubſtile. th © des da | = wor _ | 
| 8} 4 64,27 $056.81 24,54 | Ine | 
| I | 13027 9047-49 | 6.22 : _ 
| 9| 3|21.27| 9246.62 | 10, o | 3* 3 
| | 5[28.57] 9395.19| 135.7 3: 57 
10} 2| 36,27 | 9520.95 | 18:21 | i: 4 
2 |43.57 | 9636.41 | 23.25 > +] 
IT| 1|51.27| 9750.95 | 29.24 | 5* 59. 
. $158.57 | 9872.50| 36,43 | /+ 79 
I3|12 | 66,27 | 10013.00| 45.51 | 9 S | 
| 3 [73-57 |10193.41 | 57.21 | 77:39 | 
| E| IT | 81.27 | 10475.25 | 71.29 I te g 
. 4] 88.57 | 11399.22 | 87.40 I6,1T 
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—_—_þb_—_.______. 


rm .. Ali 


_ 
( _— —_ ——————_ 


Houres and | Equino- | Logarichmes j| Honrear-| | 

parts from | Call di- | of rangents. {| ches on Differ, | 
| the ſubſtile- | ſtances, | the plane» 

6-20 Oo} On F  M_—_— | 


+ [1% 3' 7905.45 |oL.28[.q..,1 
5 | 8. 33 | 8829.42 | 3. 52 3. 30 
0 1x6} {27 9810.28 } 7, 28 I. 42 | 
4 [23/33 | 9291.62 | it, 4 4. 4 
= | 31, 3 | 9461.94 | 15. 8 « ; 

LLI TINS | 9553-42 (19:47 161 
R 6 
9 


| 46. 3 | 9668.26 | 24,59 


58.33 | 9763.92 | 3I,18| 7. a6 | 
| Or 1 3 9009.47 39. 4 9. 45 | 
| 68.33 | 0058.05 [48.49| © 
4 1-704 13 | 10257.68 [61,:3” 
( 2 [10 $3.33! 10599.05 | 75.50 | 144? 


The Arithmeticall calculation, 


Now make the table, (as heretofore dire&ed) beginning with - 
$8 ofclock, and ending with 7 Z, as you ſee in theexample ; ſer 
down by thoſe houres all the equinoQtiall diſtances from the 
ſabſtile, v:z, for 8 of clock 6. 27', for 9 of clock 21 d. 27', and 
ſo of the reſt ; then ſeek the true houre diſtances npon the plane, 
by the firſt variety of the fift caſe of R. $, triangles ; for in the tri- 
angleRP8, | 


D —- | Logar. 
© Asthe fneof ÞP R'S.. gol & 1o000,00 
7s to the tangent of RPz 0-27 905 3.28 
S071 the ſine ofthe fide PR 26 41 9652433 
To the tangent of theſſde RY 2 54 X8705 =: : 


This 2d. 54' is the true diſtance of 8 of clock from the ſub- 
ſtile. And there is no other differenceat allin calculating the | 
reſt of the houres, but encreafing the angleatP according to ' 
cach houres equinoArall diſtance fronfthe ſubſtile. 

Therefore now take into a Paper the Logar, ſine of P R, the 


elevation of the ſtile, which is 965 2.33, andaddeircontinuall 
. ns : 
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to the Logar.tangents of every houres equinoQiall diſtance and 


cONPRINe * ?*—ke Tahle. fo ſhall you produce | 
new Los, Dy ——- 
4 

\ IM 

| \ Y 


»1ave you tintihed this Diall for uſe, only remember,becauſe 
te Sunne riferh but alittle before 4, and ſerterh alittle after 8, 
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KF 60d; of the chord, and making G thecenter, draw the circle 


13 7 4$ 
to the Logar.tangents of every houres equinoCtiall diſtance and Þ} 
complement, as they ſtand in'the Table, fo ſhall you produce Þ} 
new Log. tangents, the arches whereof are the true houre di- 
ſtances to be 7 from the ſubſtile both wayes upon the plane, as 
nn the example you-ſee done, — 


The Geometricall projeftion, 


Having calcutated the houre diſtances, you ſhall thas make j 
the Diall ; Ler A D bethe baſe, or horizontall line of the plane, _ ? 
paralellto N Z $ the meridian line of the ſchem; and ADEF |} 
the plane reclining 35 d. from the zenith, as doth S O N of the j 
ſchem, thorow any part of the plane ( but moſt convenient for Fl 
the houres) draw a line paralell to the baſe A D, which ſhall | 
be G © 12, the 12 of clock houre, repreſenting NZS of the 
(chem, becauſe the baſe A D is paralell to the meridian : - Take 


PRO, repreſenting the circle of poſition N 3 S of the ſchem, 
in which this plage lieth : From the point Oto R weſterly im 
the eaſt reclining, and eaſterly in the weſt reclining, ſet off the | 
diſtance of the ſubſtile and meridian, formerly found to be 45d. 
53/;and draw the prickt line G R,, for theſubſtile agreeable to E 
theſfite of Þ R in the ſchemm ; G O ofthe Daall, repreſenting the | 
archP N of the meridian in theſchem ; and OR the arch NR 
of theplane. From the point R of theſubſtile both wayes(as 
WI the table doth dire& you) ſer off the houre diſtances by help of 
WY the chord ; vizs. for 8 of clock 24. 55', for 7 of clock 3d.51', 

Wl for 9 of clock 109. 1', and fo of the reſt, and draw ftreight lines | 

MF from the center G thorow thoſe points, which ſhall be the true 


Wy boure lines deſired. Laſt of all, the heighth of the ſtile PR 
$259.41 being ſetfromR to P, draw the fſtreightline GP for 


the axis of the ſtile, which mult give the ſhadow to the Diall: = 


4 Erect G P at the angle R GP perpendicularly over the ſubſtile 


Ime GR, and let the point P bee directed to the north pole, 
- So 12 placed in the meridian, the center G reſpefting the 
- Wuth,'and cheplaneat E Felevated above the horizon 55 d. 
-* have you finiſhed this Diall for aſe, only remember,becauſe 
tie Sunne riſgth but alittle before 4, 21d ſerterth altttle after 8, 

| £ -— of 


o w_ 
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toleave outthe houres of 3 and 9, and put onall the reſt, 

And thus have you(as before )at one work made foure Dials, 
2127, the eaſt reclining, and weſt inclining as much, both of 
them repreſented by the circle N 3 S, wherein there is no dif- 
ference but the ſtile repreſenting the north, and the plane the 
zenith in the recliner, but the ſouth pole and nadir 1n the incli- 
ner, and the number of the houres alrercd, as the turning of 
the Dials will require. In like manner, theſe Dials do direRly 
agrce With the other two, viz, the weſt reclining 35 d. and 
the caſt inclining as much, as by plaine ocular inſpeqion ap- 
peareth in the ſchem, where all rhe houre circles, comming 
from the pole do cut the planes of the two laſt ſort of Dials re- 
preſented by the circle of poſition N 9 S, with the very ſame 
angles that they did the other two repreſented by the circle of 
poſition N 3 S ; only the former cautions obſerved, of directing 
the ſtile, and writing the houres ; which being placed on each 
fide the meri-1an, as the ſchem it felfe direteth, you cannot 
erre, Thete things conſidered, that there 1s no effentiall diffe- 
rence between thele Dials, I make all foure to be but one, as 1s 
Aforeſayd, 


| "0" —_— _ ou ps ith T_T OO Ie eee aa a A en A. ed am 


—— — — — 


Cua?,. X LIL, 


To draw the hours lines upon any airett ſonth reclining or inch- 
ning plane. 


7 IJ? T2 S the daſe ot eaſt and weſtreclining or inclining 
KC: G 2 planesdoth alwayes lie in the meridian of the 
ZZ fd YZ place, or paralel| thereto, and the poles in the 
4, prime vertical ; ſo doth the baſe of ſouth and 
north reclining, or inclining planes, lie in the 
prime verticall, or azimuth of eaſt and weſt: 
.._ andtheir poles conſequently 'in the meridian, 
from whence (as all other planes do) they receive their deno- 
mination. And now it you ſuppole the circle of poſition 
( which, Aftrologically taker, is fixed inthe interſeRion of the 
meridian 
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meridian and horizon to move about upon the horizon, till it 
comes into the plane of the prime verticall, and being fixed in 


the interſection thereof with the horizon, to bee let fall either | | 


way from the zenith upon the meridian, it ſhall truly repreſent 


all the ſouth and north reclining, and inclining planes alſo, Or 
which there are {6x varieties, three of ſouth, and three of north 


reclining, For either the ſouth plane doth recline juſt rothe 


pole, and then it becomieth an equinoRtall plane, as I. 
ll it, (or polar as ſome term it) becauſe the poles of this plane 


do then lie in the equinoRiall : Or elle it reclineth more and 
fe than the pole, and conſequently the poles of the plane a- 
bove and under the equinoctiall, ſomewhat differing from the 
former : In like manner, the north plane reclineth juſt to the 
equinoctiall, and then becommrerh a polar plane, as I call it, (or 


equinoRiall as ſome termit) becauſe the poles of that planelte 


in the poles of the world : or elfe it reclineth more, and lefle 
than the equinorall, and conſequently the polcs of the plane 


above and under the poles of rhe world, fomewhat diftering 


from the former, 


The Demonſtration. 


Theſe {everall forts of planes are all plainly repreſented to tlie 


eye, (inthe ſchem adjoyning, drawn by the rules of the fourth 
Chanter : ) by the ſix prickr circles, whereof the three to the 
northward of E Z W ,are the three fouth recliners,and the three 
tothe ſouthward of E Z WW, are the three north recliners ; ſo 
called, becauſe the poles of thoſe planes have ſuch reſpet to the 


north and Ot parts of heaven ; fand are elevated above the 


north and ſouth Þoints of the horizon N and S, _ 

Firſt therefore of the equinodtiall plane, and Diall to bee 
drawn thereon, repreſented by the circle EP W : wherein 
you may obſerve out of the {chem 1t ſelfe, that this plane (lying 
in the 6 of clock boure circle, as the eaſt and welt do in the 
meridian) none of the other houre circles do cut the ſame ; and 
therefore (as in the ninth Chapter} you may conclude, that the 
houre lines thereof ave no ccnter to mcetin, but muſt bee pa- 
ralell one to anothr, 4s in the catand welt Dials they we 

| L 2 An 
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And becauſe tins Dtall is no other but the very horizontall of a 
right ſphere, whete the equinoRiall is zenith, and the poles of 
the worldin the horizon, therefore it is not capable of the 6 
of clock honre (ne more than the eaſt and weft are of the 1 2 of 
clock houre) which vaniſh apon the planes, unto which they 
areparalell : and the x2 of clock houre is the middle line of this 
Diall, (becanſe the meridian cutteth the plane of 6 of clock at 
right angles) which the Sunne attaineth not, till he be perpen- 
dicular ro the plane, And this in my opinion, beſides the re- 
ſpedt of the poles, is reaſon enough to.call it an equinoCtiall Dt- 
all, ſeeing it1is the Diall proper to them that live under the 
equinoRial], as the circle divided into 24 equall' parts may 

| therefore 
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that are ſeated under the pole, 


The Arithmeticall operation, 


This Diall is to bee 'made in allreſpedts as the eaſt and weſt 
were, being indeed the very ſame with them, only changing 
thenumbers of the honres. For ſeeing the 6 of clock houre 
in which this plane lieth,crefleth the x 2 of clock houreat right 
angles ; in which the eaſt and welt plane herh, the reſt of the 
houre lines will have equall reſpe& to them both : ſo that the 
fift houre from 6 of clock is equall ts the fift houre from 1 2 of 
clock, the fourth to the fourth, and ſo of the reſt, Theſe analo- 
gies holding, you may reſume the table of the ninth Chapter 
for your uſe here ; only tranſpoſing the houres of 6 and x 2. The 
equinodiall diſtances and naturall tangents { which are the 
trze houre diſtances upon the plane) not varying at all, | 


|  Honres Equino- | The howre 
and Call di- | diſtances up- 
parts. ftances. | oz the plane, | 
ES 1 © n - tangent, 
| . 7 z3© | 132 
11/14 i] 17 © 268 
T_T $29 
IO | 2 30 - 0 577 
EEE - 267 
Q ; 3 | 45 & 1. 1 0@0 
2 52 3ZO | 1303 
S | 4 6O o | 173% i 
. 67 20 | 2414 
75 | 3 ©] 
Wo $3 20 | 7598 
$i 61 980 | 10000 = 
L 3 The 


IF 


© therefore becalled polar, becauſe ir is the Diall proper to them 
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The Geometricall projefizon, 


Now then draw the tangentlineHS K, paralell to theline . Þ 
EZW ;croſſeitatright angles with N $A, the meridian line, 
which 1o interſe&eth the plane in the ſchem. Make Z Sor SA 
the radius to that tangent line, then is $ &« or S9the naturall 
tangent of 39d, ${orSa the naturall tangent of 45d. S4 or 
S ; the naturall tzngent of 60 d. &c, as in the table appeares: 
wherefore open the {eor to thelength of S A,(or divide aline 
equall thereto into 10 or 100 parts) and prick down theſeve- 
all cahgents as they ſtand in the table, from S both wayes (for 
«£0 &c.) towards Hand K, ſtreight lines being drawn tho- 
row thoſe pricks, paralell to the meridſan lineN ZS A bethe 
boure lines defired. Now ſuppoſe this paper were the plane on 


which you ſhould draw the Diall ; its manifeſt, that making 


Z Sof the ſchem or SA theradins, the plane 1s not capable- of 
the 7 or 5 of clock houres,the whole plane H K being burfoure 
times the radius : and theſe two houres diſtant ſeven times the 
radius and a halfe, as by the natarall tangents of each houre from 
12 doth appeare, Wherefore if you will put all the. houres 
upon the plane that it is capable of, you muſt reducethe radius | 
(which is the length of the ſtile) by the rules of the ninth 
Chapter, to the greatnefle of the plane, and then proceed as a- 
foreſayd : let that radius be A B, thenſhall Y A = bea tangent | 
lineto it ; wherefore by the ſecond caſe of R, P. triangles, | 


Logar. ?. 


es A. the natrratl tan- 
| 3722 '+ 0571-94 


-gent of 75 d. | 
Js to' A = (1m knownparts of 
 anznch ) the ſemiatameter 


; by the Chili- 


of theplane 359+ 0544.07? ads alone, 
SoteAB the radis 1900 + 0000,00 - 
To A B the length of the 

Pile inthe ſame pare 94 — 9972.13]. 


C aha, £24r,o. 


Or 


, 
; 
; 
, 


£/ 


The lineHSK ſhould be joyned to the former Scheme, as 8 Tanzent line 41 S, 


Place this folio 142. 


-< Fa 
Tx 


Or againe by the ſame caſe making ; A the radius, B A is a 
_ tangent lineto it ; and contrary, if the length of the ſtile bee 
firſt given. 6 | 
, | : Lo gar, 
As A the radins + 10000 00 


I:to A B the tangent of 15 4d. + 9428.05 

Soutn A tn Fon: and parts 3509 + 0544.07 

To A Binthe ſame parts 94 9972.12 as afore, 
Comp. char.O. 

Wherefore to fetch inthe houres of 7 and 5 upon this plane, 
you muſt reduce the radius or ſtile from Z S or SA tothe length 
| of AB 94 hundred parts of an inch, and then proceed toſet on 
|. the houresby naturall tangents as aforeſayd, The ſtile may be 

 cithera ſtreight pin the length of A z or AB, erc&cd at right 
| angles to the plane in the point A, or a long ſquare of the 
| hetghth of A 3 or A B, like a v cd, perpendicularly rayled over 
 thex 2 ofclockhoureline, ſo have you done : Let SA 1 2 bee 
| placedinthe meridian, and the whole plane at S rayfed to the 
' eighth of the pole 51d. 32', then will the ſtile ſhew rhe 
| honres truly, and the Diall ſtand in its due poſition, 


The ſecond kinde South reclining leſſe 
than tbe Pole. 


The Demonſtration, 


The other two prickt circles to the northward of E Z W 
repreſent the two reclining planes,vzzs. E C\V reclining 25 d. 
and E A W reclining 55 d. from the zenith, andare iaterſefted 
by the houre circles iſſayy from the pole P, as by in{peAion of 
the ſchem appeareth ; therefore the Dials proper to them have 
centers, and the poles are elevated above them ; the ſouth pole 
above the plane ECW ; and the north pole aboye the plane 


_EAW, which you may note, for direing the (tiles 3-in the - 


firſt @ looke downwards, in the {ſecond upwards, according 
to the rules of the eighth Chapter abovelayd, Þ—=_ 


L 4  Wittchindia 
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Fittekindss and others that follow him, have miſtaken the 
heighth of the ſtile to this plane reclining 25 d. making it tobe 
63d. 28 high, which ſhould bebut 1 3 d. 28', and conſequent- 
ly the Diall erroniouſly made by thoſe direAions, For proofe 
whereot conſider this Diagram ; therein the limb reprefenting 
the meridian, the firuation of the whole plane in reſped of 'the 
axis and poles of the world, 1s more aptly expreſſed then in the 


Elevation of the polePNg5 1 d. 32". 
Reclination Z C 25 d, 0. 


Dxa/;ta, Heighth of the ſtilePC x 3 d.2 ; 


Data. ; 


CS CO ec eos 
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former,wherethe one halfe is alwayes ſuppoſed to be under the . 


horizon. Let Z CN beaſouth plane ere dire ; Z repre- 
ſenting the zenith, and N the nadir of the place ; Z P, NS two 
arches of the meridian in them, PandS the north and fourth 
poles, diſtantfrom Z and N the angle Z C?, andN CS 38d, 
28' the complement of the latitude : and let R C Ibe the plane 
reclining 25 d. from Z or N lefle than the pole. Iris manifeſt, 
that the ſouthpole S is elevated above the plane C I the angle 


I CS, and ſo much thenorth poleP is under the back part there- 
of RC ; therefore taking ZR 25 d. (equall toNI) out of ZP. 


338d. 28' (equall to NS) thereremayneth R P 1 3 d.28'(equall 
to I S) the heighth of the ſouth pole above the plane reclining 


25 d-Unto which heighth make the Diall in all reſpeRs, as you 


did the horizontall, and you ſhall have it fit for your plane. 


TheeArithmeticall calculation, 


Returne now to the former ſchem, therein you have the tri- 
angle PCI, or rather taking the circle ED W for the equi- 
noCtiall in the quadrantallP D I, you have the whole fideP D 
god. and partthereof P C 13 d. 28; and thefide DI 15 d.of 
the equator, the meaſuare of the angle P,the firſt houres diſtance 
from the meridian, to finde the fide C I upon theplane, by the 
firſt variety of the fift caſe of RS, triangles, For, 

4 = Logar, 
As the ſine of ÞP D goloo' 1Go00.00 
7: to the tangentof DJ 15 ©0 9428.05 - 
$9: the ſine of P C 13 28 9367.13 
Tothe tangeut of C 1 3 34 £8795.15 


| Thisarch of 3d, 34/is the diſtance both of 1 x and 1 of clock ; 


and this being allthe variety, ſave increaſing the angle ar P, I 


neeqdnot reiterate the work, but for imitation ſake, have added 
this canon, and inſerted the houres and parts, with their equi- 
noAuall diſtances, into the Table following, as they follow 1n 
order from 12 ofclock, For the reſt therefore of the houres 
take out the Log. ſine of 1 3 d. 28 (the heighth of the ſtile) into 
a paper, and adde it continually unto the Log, tangents.and 

i complemegts 
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| F Moures and hobo- Logarithmes Houre os | n 
| parts from b= dj- of rangenes. | ches on Differ. | 
_ | he merid. | ſtances. : the plane 
| x2 [x2 a: * = d - 7 Pe : 
Li Hey 9456560] 145] 10 | 
12] |= | 7þ4 © 8795.18 3.34 | r.57 
T8 T 1 22.30 | 8984435 g $5+31 2.8 | 
io| 2 | 30, O | 9128.56 | 7.39 2.29 
| - 37-30 9252 11 |] IO. 8 2.59 
T1990 [| 9307-137 13. 7] 45 
| { > [| 52.39 | 9482.14 |] 16.53 _ 
8 | 4 | 60, o | 9605.69 |] 21,58 | 2.23. 
t .4 67.30 | 9749.90 | 29.21 11.39 
7] 5 [75-9| 993997 [41.9107 
| 3 | 82.30 | 10247,70 | 60.31 
1} $1 6 ?'90, © | infinite, | E 7 


complements of every honres equinoCtiall diſtance, as they 
ſtand in the table, ſo ſhall you produce other Logar, tangents, 
which found in the canon, yeeld you arches for the true diſtan- 
ces of the reſt of the houres upon the plane. 


The Geometrical! prejeftion. 


Theſe arches being thusfound, to draw the Diall true, conſ1- 
der the ſchem, wherein-'> oft as the plane falleth between Z 
and P, the zenith and the nurth pole, the ſouth pole is elevated ; 
in the reſt the north ; the ſubſtile in them all 1s the meridian, 


becauſe the prickt circles of the ſchem (repreſenting the reclt- 


ning planes) do croſfle the meridian thereof N Z S at right an- 
eles ; wherefore draw the horizontall line A C B for the houre 
of 6, croſle it at right angles with C F for the houre of 1 2, up- 


on the center C, and with the length of 60d. of the chord make 
thecircle A F B, repreſenting the reclining plane of the firſt 
{chemE CW ; from F both wayes towards A and B ſet on 


the houre diſtances of 3 d, 34 for 11 and x of clock, of 7d. 39' 


for 
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South reclining is 


for To and 2 of clock, and ſo of the reſt - the forenoon houres 7 
on the welt ſide, the afternoon houres on the eaſt ſide of the F 
meridian , as they lie in the ſchem, from the center Cthorow : 


thoſe pricks draw ftreight lines,asare C 1, C 2, C 3, &c, fo 
have you done ; by the ſame chord ſet on the heighth of the 
ſtile x 3 d. 28' from F toD, and draw the prick line C PD, re- 
preſenting the axis of the world, which being ereted at the 
fameangle, over the ſubſtile CF 1 2, you have perfected the 
Diall for a ſonth reclining plane 2 5 d. as was required Loot 
| "3 oure 
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houreof 12 be placed upon the meridian, and the whole plan 
at C rayſed to an angle of 65 d. abovethe horizon, and the axjz 
_ CDpointing downwards to the ſouth pole ; ſo ſhall the Dial 
ſand in the due poſition to receive the ſhadow of the ſtile, ant 
give the true houres deſired. 


The third kinde ſouth reclining more 
than t1e pole, 


The Demonſtration. 

For the plane reclining more than the pole, repreſented in 
the firſt ſchem bythe circle E A W, and in thelaſt by A CE, 
take Z P thecomplement of the elevation 38d. 28 out of ZA 
the reclination 55 d. and there will remayn PA 16d, 32' the 
heighth of thenorth pole above the plane ; unto which heighth 

make the Dyall inall reſpeRs, as you did the former, only re- 

membring(it being finiſhed) to turne the center downwards, 
(or draw itfo at the firſt) that the ſtyle being rayſed toan angle 
of 16d, 32' upon the meridian line, CE A may point up to 
the north pole, which is elevated above this plane, 


The Arithmeticall calculation, 


Inſtead therefore of the angle P CI in theformer ſohem, now 
reſfolvethevertirall toit PArl, by the firſt variety of the fifs 
caſeof R,S, triangles, ® For, | 


; | | Logar, 

E  fithe fineof PA1ln 90” 00 T1OO000,00 

| #5 to the tangent effi 15 © | 9428.05 

| So is the fine of P eA 16 32 9454-19 

| - Tathe FARTENE of ef I! 4 22 T $882.24 

| This arch of 4 d, 32" is the true c1:tance of the houres of 1 and 


- 71 from the meridian line ;. and ſoare all thereſt ofthe hourcs 


calculated, only varymsg the angle atP. 
_ Now 
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Now therefore make the tableas you ſee done in the exam- 
ple, joyning unto the houres equidiſtant from 1 2, their equino- 
&iall diſtances, of 7d. 30'for halfe an houre, of 15 d. for one 
foure, &c. then tranſeribe into a paper 9454.19 the Log. ſine 
W of 16d. 32 the heighth of the pole or ſtile above this plane,and 
idde it continually unto the Log, tangent and complement of 
each houres equinoctiall diſtance ; ſo ſhall you produce new 
Logarith, tangents, the arches whereof are the true houre di- 
ſtances upon the plane, as appeares 1n the table. 

And theſe three Dyals thus much ſouth reclining, ſerve alſo 
for their oppoſites ſo much north inclining, changing but the 
numbers of the houres, and reſpect of the tiles, as the nature 
of the planes will dire& you. 


— 
hm. A «4 IE —_— "oY = 


—— — A 


" Houres and {| Fquino- ; Lopgarichmegs  Honrear- | 
parrs from Gall di- |} of tangents. ches on | Differ. | 
the merid- ſtarices, the plane. 
$6108 p | : +] a 7 

: 7.30 8573.62 2.9 2.12 | 
IT | 1 | 85. © | S624 4.23 | 45 

7 $2.30 | 9071-43 |} 047 | 3 | 
IO | 2 39. © 9215.63 9.20 ' I 
3 f 2199 9337 | IF 2468 

9 | 3 | 45.0 | 945419 | 15.53 | 4.28 - 
| * [52.30 | - 9569.21 | 20.21 | fs | 
8 | 4 60, © 9692.75 26,14 es, | 
= + E110 9836.96 34.29 | RES | 
7 | 5 | 75- ©] T0026:123 146.43 figs | 
, 82,30 | 10334.76 | 65.10 | | 
6 | 6 | 90. © | 1nfinte. pn ” 
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The houre arches being calculated, look back to the {cher ; 
iet D C Fbedrawn paralell to the horizon, for the houre of 6 ; 
crofſe it at rightangles with E C for the huure of 12,asE Z W 


ind N Z Sdoin the {chem ; upon the center C draw the circle 
— | "TFBB 


_—_ 


. ſhall go backwards and forwards, both forenoon and after- 


Rs Shen te ha na dat bf 


_ clining plane in the ſchem E A W, from thepointE ſet off thy 


. CBpointup to the north pole, and the Dyall bee fitted to the 
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DEF(at the extent of 60 d, of the chord) repreſenting the re; 


houre diſtances by help of the ſame chord both wayes towarg 
DandBE, as you finde them in the table, and from Eto G thy 
heighth of the ſtile,and thorow thole pricks draw fireight ling 
from C, which ſhall be the hourelines, and axis deſired. TIy 
C G Bbeereded perpendicularly over the meridian or ſubſtil 
CE12atananglteof 16d. 32', andlet the whole plane at 1: 
berayſed above the horizon an angle of 35 d ; then ſhall the axj 


C 

plane. 
Now becauſe this plane and Dyall falteth out conveniently la 
for the purpoſe, I thought fit to ſpeak ſomewhat of Claviz hy . 
concept of framing a Dyall, wherein the ſhadow of the {tile x 


noon : he writes at large of it, with the demonſtration ' there- 
of, in his book called Horotogrorum deſcriptio ; wherein hee ac- 
knowledgeth the retrogradation of the ſhadow upon the Dy- 
all of eAchaz to bee moſt miraculous, notwithſtanding that 
ſo the plane may bee contrived, that at ſome time of the 
yeere the ſhadow of the ſtile ſhall-performe the like 1n ordina- 
ry courſe of nature. The reafon thereof 1s plaine, as by the 
Globe or this {chem adjoyning may appeare : for ſuppoltng the 
Globe tobeſerto 16d. 32', theheighth of the pole above this 
plane ; and the Sunne to been the beginning of 7, bging the 


quarter of altitude ſet in the due place, unto the ſeventeenth a- 


zimuth from eaſt northerly, and you ſhall ſee the paralell of x7, 
wherein the Sunne is ſuppoſed to bee to crofle that azimuth 
twice before noon, once a quarter before 7 of clock, and againe 
about 11, Allo the tropick of Cancer to crofle the twenticth 
azimuth,once at 7 of clock 10', and againe about 10 anda quar- 
rer, between which two interſcfions of either paralell you 
may obſerve the ſhadow of the ſtile apparantly to lengthen 
and ſhorten according to the diſtance of the Sunne from each 
ofthem ; ſometimes growing neerer the equator of the Diall, 
from the interſeRtion of AS to the touch point of A xr, and 
ſometimes further off, from the touch point of A I to the inter- 
{etion of A 9; againe, Thelike will be in the aa a - 
| 0.1% 


EE ITN SOT. TH er 9 OO Ar Rao - — 
$ IJ 3 Ne Hos EDA I ROI 4 
. : _—— "+ eB. © v = oans ani WEN BA ye 2 On<y yen OE. - rg, 17" RE +: 7 hom bog > 


The Artof SHADOWWES: Tg 


out the ſame times reſpeQvely, as the prickt lines in the Dy- 
ll croſſing the azimuths of A It and A & dodelineat the ſame ; 
and this will centinne more orlefle to be ſeene all the time that 
the Sunne {pendeth between the zenith of the plane, and the 
Tropick of (ancer, which will bee from the end of Aprill till 
towards the end of Iuly following. And norte, thar fitting the 
plane for this purpoſe, the like may bee done atall times of the 
yeerc, but beſt neereunto the Tropicks, The proper index to 
ſhew this conceipr, is a ſtraight pin perpendicular to the plane, 
25 18 the prickt line a Bin the Dyall, but in atriangular ſtile 
CAB, the »odzs or notch cut into itat B ſhall performe the 
fame, except you will cut the {tileſo ſhort, that the end thereof 
may ſerve. To make this more plaine, in the diagram adjoyn- 
ing, let FN Gbe the herizon, Z P N the meridian, therein P_ 
 thenorth pole,elevared 164, 3 2' above the horizonat N, Z the 
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\ zenith, FEG the equator, E ABS the Tropickofs, SH Cy 
theparalell of1r, Z A Bthe twentieth azimuth from the prime 
: verticall F Z G, croſling the Tropick of & twice in the fore- 
| noonatA and B, and atthe like times and Places in the after. 
! noon, Z DC theſeventeenth azimuth, croſſing the paralell of 
| It twicein the forenoonat Dand C, and at the like times and 
places in the afternoon, | 
: Now I would know the heighth of the Sunne and houre of 
the day in each place, where the Sunnecrofleth the paralels of 
£ and xr, asalſo where it toucheth the ſame, to the end I may 
obſerve without much attending, this conceipt of C/avsas upon 
the Dyall, - . 
From the pole at Þ draw foure meridians, pafling by the 
double interſe&tion of each paralell and azimuth in the points 
; AB CD, and falling upon the equinoRiall at rightangles ; firſt 
c- therefore in the oblique triangle P A Z Ihavethe fideP Z, the 
complementof the heighth of the pole 73d. 28', and the fide } 
P A, the complement of the declination of as 66d. 29, and the | 
angleP Z A 7od. the complement of the azimuth Z A 20d, 
from the prime verticall, to finde the ſide Z A, whoſecomple- 
ment A 20,1s the heighth of the Sunne in A, by the eighth ca/c 


of oblsque FT. triangles. 


o 


Firſt, 
Logar. 
e-7s the ſine of 90" © 1J0000.,0000_ 
Ts to the tangent of PZ 73 28 10527,46901 
So 24 the coſineof PEA 70 © 9534.0516 


To the tangent of 49 3 _ 10061,5197 
Secondly, z 
Logar. | 
es the coſjineof PZ 753'28' 0545.8061 Arith.comp!. Y ; 
| Ts ro the coſine of 4. J 9816,5065 | 
| So ts the coſineof P A 65 29 g600.9901 | 
; To thecojine of 23 13 £F9963.3027 
| : | my 3” aj | { 
Out of 49d. 3' take 23d. 13', there reſteth 2547 50' for I , 


Z A, the complement whereof A 20 18 64d, 10, the MO: 
© 
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of the Sunne in AJ andadded to 49d. 3' giveth 72d. 16' for ; 
Z B, the complement whereof B 20 15 x7. 44 the heighth of Tf 
the Sunne in B, Now by:two ſides andan angle oppoiite to 
one of them, you may finde the angle at P oppoſite to the gther 
ſide,in each triangle Z P Aand Z Þ B, by the therd caſe of O6.S, 
triangles, the meaſures whereofupon the equator Fz Gare the 
houres deſtred, 


: Logar, 
As the ſcene of Þ A 604 2g' 0037.6571 er. comp? 
Tstotheſineof PZ A 70 o 9972.9858 
$o u the ſineof Z A 25 5o 9639.2422 
To tho fineof Z PA 26 31 X9649.8851 


26d. 31' converted into time, gives 1 houre, 46 minutc. 
for the houre of the Sunne in A, before or after noon. 


- : | Logar, | | 
eAs the hneof PB 66429 0037.6571 Ar.,compl. - 
Is to thefpneof PZB 7o o 9972.9858 . 
Sozs the ſmeof TB 72 16 9978.58579 
Tathe fneof ZPB 77 27 X9989.5008 


774, 27 converted into time, gives 5 houres,7o minutes 
nexthand, before or after noon, when the Sunne in B 
crofſeth the azimuth of 20 d. fromthe prime verticall, 
and the variation of the ſhadow to bee performed in 3 
houres and 24 minutes, 


Laſtly, let theazimuth Z H L bedrawn to toich the paralclt 
ot inH, and ler the meridian P_ Hpaſſe by the touch point 
thereof,ſo have you the triangle Þ H Z right angled at H,whote 
ide Z H ſhall give the complement of the heighth of the Sunne, 

and the angle Z PH the houre of the day, wken the Sunne in 
us greateſt obliquiry from the azimuth Z L, which formerly 
ne croſſed in B, commeth back again to crofle the ſame in A, 
ſhortning the ſhadow from B to H, and lengthning the fame 

| from H to A, by the firſt of the third caſe of R. $. eriangles : and 
b) the firſt of the fifterrthcaſeof RS, triangles. 
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 Thehcighthof the Sunnein H 55 d. 26. 


The houre of the day in 2 


Logar, 
As the coſine of PH 6629 9600, 990I 
Is tothe ſnxof PHZ go o 10000,0000 
So #s thecoſine of  P 73 28 9454.1938 
Tothecoſineef  H 44 30 985 3.2037 
Therctore H L 45 d. 30 theheighth of the Sunne. 


Logar, 
As the jneof PZ 7328 9981.6620 
75 tO the ſine of P HZ Y90 © 10000,0000 
So zs the ſineof Z H 44 30 9845.6618 
To the ſineof Sg ÞP 46 59. 9863,9998 
46d. 59 converted into time, giveth z houres, 8 minutes. 
before or after noon, when the Sunne 1n his retrograd 
motion from H, lengthneth the ſhadow againe, | 
And, by theſecond of the fifteenth caſe of R. $.triangles, you 
may finde the angleP Z H te be 73 d, 2', therefore the azimuth 
ZHL touching the paralell of S is 16d. 58' from the prime 
verticall F Z G, necre the fame with Z D C, 179, crofling the 
paralcll of tin Dand C. | | 


Thus may you alſo finde for the paralell of Ir. 


: d 90 
The height! of the Sunne3 w_ ni hy F 


ho. ' 
” before noon 7 175 
" C3 er noon 5 17. 
D © beforenoon 0 59 

"" Qgafter noon © 59 


The houre of the day 


F 


ho. 
before noon 9 35 
after noon 2 25 
And the variation of the ſhadow performed in 4 ho. 18'. 
Now if I had drawn the azimuths of ZABand Z D C to 
che interſection of each paralell with the horizon, as is Z E for 


Zs and ZS for xr, the retrogradation would have been the 
| more 
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moreapparant, conteyned between E Lfor >, and $ R for x, 
and the times would have differed accordingly, bur then the 
deuble interſection of the paralell and azimuth wauld not have 
beenſo manifeſt, ſeeing one of them hapneth upon thehorizon, 


where the ſhadow vaniſheth ; and note, that rhe larger the 


plane 1s, the more apparant will the retrogradation be. 

Some Divines writing upon this miracle, have confined the 
Dyall of Achaz to the equinoctall plane only, wiuch mightbe 
any other as well, and interpret the degrees ſpoken of by the 
Prophet, to be halfe houres, fo that 19d. conteyned 5 honres ; 
as well they might have made the degrees quarters of houres, 
and then the ten degrees had been but two houres and a hate, 
which is very neere the truth in the matter of time, 'But ſeeing 
the Scripture taken in the literall ſenfe, doth ſuttciently mani-. 
feſt this wonderfull miracle,! ſee no reaſon to interpret degrecs 
contrary to the nſuall acception of &ſtronomers, and grounds 
_ of Art, at the leaſt they could not be meant of haife houres, be- 

cauſe Hezekiah had liberty to chuſe whether the ſhadow 
ſhould go forward ten degrees, or back as much ; but forward 
it could not go in the latitude of 7erzſalrz, which is 32 d. be- 
cauſe the ſemidiurnall arch of the Sunne in #2 is but 4 ho. 57, 
and in 5 but 7 ho. 3', which muſt have bcen (accompting 
halfe an Þonrefor a degree) 10 ho. at thelealt, 

My opinion is therefore, that the Dyall was a fouth Dyall, 
drawn upon a ſouth ere planeor wall, moſt conſpicuous to ec 
very mans view ; thatthe degrees areliterally meant, the de- 
Trees of altitude of the Sunne, commonly called almicanters ; 


that the time of the yeere was neere Chriſtmas, when the Sunne | 
was in the winter tropick of 78, in which figne the ſhadow de- 


ſcendeth floweſt ; that it was in the afternoon, becauſe the 
Sunnereturned ten degrees which it had gone down ; that the 
Sunnereturned not back at once, but in the ſame time that it 
had deſcended, to the end that moſt part of the world might 
take notice of the miracle, as the Scripture teſtifheth the Baby- 


lonians did ; and that the Sunne was neere two houres and a_ 
halfe returning to the meridian again, from whenceit had for- 


merly gone down ; and thar the miracle was ſhewed about 


halfe an houre after two, as may be proved by the diagram fol- 
My —©  lowings 


id 
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lowing : Therein NEM W the horizon, NP Z M the meridi- 
an, Ex W the equator, a tb and fcd the two tropicks, q cand 
o n two almicanters, P S a meridian, and Z S an azimuth paſ- 
ſing by the place of the Sunne in S. The heighth of the pole at 
Teruſalem is PN 32d, theretore the heighth of the equator 
z M 58d, ſubtra& the declination xc 23d. 40', (about that 
time neere the middle obliquity) fo have you the meridian al- 
titud®ofthe Sunne in 22 cM 34d. 20', abate 10 deprees of the 
heighth, then was the Sun at the time of the miracleat S 24d. 
20 above the horjzon,the complement whereof 'S Z is 65d.40'; 
thus have yon an oblique triangle P Z S, whoſe 3 ſides are given 
to finde the angle at the pole, by the firſt caſe of O, S, triangles, 
ſhewing the time that the Sunne hath ſpent between the mer;- 


dian 
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dian at C, and going down of 10 degrees at S, which by this 
example was 2 ho. 26',and conſequently the wholeday length- 
ned 4 ho, 5 2', which made the ſhorteſt day of the yeere equal! 
with the longelt, _ 


Fg 


: 237 20 © Lopar. 
the; 118 40! 09256,7898 
2 * RI comp!, 
T © 8940.2960 
60 40 9940.4091 
_ Totail 19035.1463 
The halfe whereof 9517.5731- 1s the Logar, tangent of 
18d, 14 hatfe the angle at P, therefore the double 36 d, 
28' ## the whole angle, which converted into time, giveth 
2 ho..26,, | 


|  Yetleſt this conceipt of C/avizs, which hee alſo receiveth 
from Noni, ſhould ſeeme any thing at all to extenuate the 
wonderfull power of that miraculous ſigne, let the difference 
between them be conſidered ; for in the Dyallof Achaz the 
Sunne it ſelfe was removed back in the heavens, and therefore 
the ſhadow as an efte& thereof, which 1n the paralel] motion 
of the Sunne from eaſt to weſt was ſhortned in the afternoon, 
contrary to the courſe of nature ; but in this concept, the ſha- 
dow continually ſhortneth in the f&venoon, and lengthneth 
continually in the afternoon ; and the Sunne proceedeth con- 

 tinually from eaſt to weſt, ſo that all the variety of the fhadow 
is between north and ſouth, quite contrary to the motion of 
the former. TI therefore embrace the conceipt, but wiſh the 
OY had been forborn, ſince they agree not at all to- 
gether, — | 
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meridian, and E Z VV the prime verticall of the"{chem ; up- 
-on the center C,with the radius Z Sefthe ſchem(equall to 60d. 


» theſchem NESW, take ofthe fame chord 15 d, which et 
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CHarp, XIV. 


To draw the hore lines upon any arrett north reclining or incl;- 
417 plane, | oe 


Hedire& north reclining planes have the ſame 

varicties that the ſouth had ; for either 'the 
\ plane may recline from the zenith juſt to the 

equinoMHall, as E D W doth in the firſt (chem 

of the laſt Chapter, and then-itis a polar plane, :.M 
1777 P (as Icalled it before.) becauſe the poles of that MM 
plane Jie in the poles of the world : or elſe theplane may recline WM 
morc or leſſe than the equinoQtiall, as the circles E F W and 
E B W do, and conſequently t heir poles fall above and under 
the pole of the world, and the hourelines alfo difter from the. 


Former. 
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the Demouſtration, « 


The polar Diall is well known to all men tobe no more but 
a circle divided into 24 equall parts, which, becauſe the zenith 
1s tothe horizon as the pole of the world is to the equinotall, 
may bee eaſily contrived upon the firſt ſchem of the former 
Chapter, by dividing the limb into 24 equall parts. Suppoſe 
therefore that from the center Z you draw {treight lines to 
every 15 d. (thetwenty fourth part of the horizon) and the 


Dyallis made. © * 


2 be Geometricall projection, 


o : q2 
- 4 : 

x. TH 
aÞ e268 ; 


Tocontrive this Dyall upon the plane, draw two ſtreight*- 
lines H V A tor the houre of x 2, and6 c 6 for the houre of 6, 
creſling cach other at right angles in C, repreſentingNZSthe | 


of the chord) draw the circle np A -, repreſenting the limb of | 
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both wayesfrom A, will divide the fayd circle into 24 equall _ 
parts, (ſuch as A K is one) thorow which ſtreight lines being 
drawn from the ceftter C, are the houre lines defired ; and 
Setheſe being contracted or enlarged according to the capacity 
F" of the plane, the Dyall is madegreater or leſler at pleaſure ; bur 
| | if youlike not to be alwayes confined to the ſame chord, you 
may draw a circle upon the plane at adventure, and by tne leſt 
precept of rhe firſt Chapter, {ſpeedily ſet ont the houre diſtan- 
ces thereon ; forſuch proportion as the ſine of 30 d. hath to the 
ſine of 7 d, 20', halfe the houre arch, fach hath the radius of the 
M 4 circle 
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circle 1n parts, to the twenty fourth part of the circle deſired, 


.Soif A Cbe one inch and 77 centeſmes, AK ſhall be 46 cen- 


reſmesof an inch, the twenty fourth part of the circle ny At, 


The houre lines being drawn, ere a {treight pin or wyer, as is 


BC, upon the center Catrighr angles with the plane { becauſe 
the pole is elevated 90 d. above this plane) of what length yoy 
will, ſo have you done ; yetſeeing our latitude is capable but of 
fextemabattehones, the ſix houres next the ſouth part of the 
meridian, 11,10,9,1,2, & 3 may beleft out as uſelefle ; neither 
can this reclining face ſerve any longer than during the Sunnes 
aboad in the north part of the zodiack, and the jnclining face 
the reſt of the yeerc,becaulſe this plane is paralell to theequino- 
Qiall, which the Sun croſſeth twice a yeere :' theſe things per- 
formed to your liking, let H V A beplaced upon the meridian, 
and the whole plane at H rayſed to an angle of 38d. 28'the 
hejghth of the equator abovethe horizon, ſo is this polar plane 
2nd Dyall reRified to ſhew thetrue houre of the day. 


The ſecond kinde North reclining le(ſe than 
the equator. 


The Demonſtration. 


The next ſort 1sof ſuch reclining planes as fall between the 
zenith and cquator, and is repreſented in the firſt ſchem of the 
former Chapter by the prickt circle E FW, and in the later 
{chem by FC W, both ſuppoſed to recline 25 d. from Z the 
zenith, Ad therfore untoP Z 38d. 28' the compl. ofthe elevati- 
on,Z F 25d.thereclination,ſo have you PF 63d.28',the heighth 


_ of the pole or ſtile above this plane, In this Dyall alſo wit- 


tekindzs and others that follow him are miſtaken, direfing the 
reclination to be taken out of the elevation, and the remainder 
reſerved for the heighth of the pole or ſtile, (which in their 
owne example doth ſubſticture 7d. inſtead of 83 d.) whereas 
they {ould adde the reclination to the complement of the ele- 
vation, as by the ſchem appeareth, and as in this example is 


Jone. 
> The 
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The eArithmeticall caloulation. 


To calculate the houre lines true,returne to the firſt ſchemef 
the former Chapter. In the triangleP F x, or rather the qua- 
drantall PD x as afore, you have PD god, andPF63d.28, 
andD 1 15d. the meaſure of the angle at P given, to finde the 
'fideF x, the firſt houres diſtance from the meridian upon the 

plane, by the firſt variety of the fift caſe of R. 8, triangles, | 
| Logar. 
As the ſine of PD go ff 14 WE ſs 


= -———— ———_— _ 


Is to thefine of P F 63 28 9951.66 
So ;5the rFangent FFD IT © 9428.05 


Tothetangentof Fx 13 29 #9379.7L 
This x 3 d. 29' is the true houres diſtance of 11 and i of 
| Clock, andſceing there is no other variety, (bur increaſing the 
angle at-P) in ſeeking the reſt of the houre diſtances, it is need- 
leſle to repeat the work,but referre you to the table adjoyning; 
wherein (as often heretofore direfted) firſt ſet downe all the 
houres from 1 2 and their parts. 


On "ET 


————_— RR.” ——_— ets, 
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' f Houresand f Equino- |  Logarithmes | Hourear- | 
| | parts from Riall di- | of tangents. ches on Differ. | 
the merid. ſtances. | : the plane, 
: 12|12 E 7 YL d « | 47 
| =. | 7.30 | 9071.09} 6.44: 6.46 | 
11] T1] 15. © 9370.78 13-29] Gert 
| 4+ '3 22.3@ | 9568.89 7 20,20 6.s 
10} 2 | 30. ©} 97233101} 27.08 » - 
: 14 | 37-390] 983604} 
9] 3 145-0] 9951.66! 41.49 : 
\ 5 | 52.30 | 10066,68 | 49.23 _ | 
| 3 | 4 |] 60. © | I0190.23 | 57.10 4 | 
| x ſ 67.30 10334-44 | 65. 9 | "a C 
5 | 75- © | 10523.61 $73.20} oo 
3 | $2.30 1 10832.23 [81.38| 0 , 
6 | 90, © | infinite, _ 1 ; 
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Elevation of the pole DN 51* 32. 
Dita Reclination TEM & , 


"Queſts Heighth of the ſtile DF 63 28 


Next.ſet the equinoctiall diſtances by them, as to xt and x, 
15d, totoand 2, 30d. &c. then take into a looſe paper the 
Log. fine of P Fin the ſchem 63d. 28', 9951.6651; theele. 
vation of the pole above this plane, which added continually 
unto the Log. tangents and complements of every houres equi- 
noRiall diſtance, giveth new Logarith, tangents, whoſe ar- 
ches are thetcue houre diſtances (upon the plane) defired, as in 
the table appeareth ; which done, the Dyallis to be made in all 


reſpeRs like the horizontall. 


The Geometricall projettion, 


Draw therefore the horizontall line 6 C 6, crofle it at right 
angles with D C A ; upon the center C (at the diſtance of 60d. 
of the chord) make the circle D B A, repreſenting thereclining 
plane E F W inthe ſchem ; ſet off the hourediſtances (by help 
of the chord) both wayes from A, the north part of the meridi- 
an,as they are calculated inthe table, v:z#. for 9 and 3,419.49, 
for $and 4, 57d. 10', forpand5,73d. 20', &c, from thecen- if 
ter C thorow thoſe pricks draw ſtreightlines, and they ſhallbe þ 
_ the true houre lines defired ; continue 7ands$, and 5 and 4, iſ 
thorow the center to the oppoſite parts, ſo have you the ſame i 
 houres above the 6 of clock line allo ; this done, with the ſame 
chord ſet 63 d. 2.8' from D to B, draw the line CB for the. 
heighth of the ſtile : let the ſouth part of the Dyall at D ſtand 
upwards upon theplane, elevated to 65 d. above the horizon, 

_ that theſide C B ofthe ſtile being perpendicularly erefked over 
the ſubſtile line C D, may reſpect the north pole, ſo have you 
done ; the houres about the meridian, v:z?.11 and 1, and 10. 
and 2, can never receive any ſhadow, becauſe of theſmall recli- | 
nation of the plane from the zenith, and therefore needlefle to 
putthem on. For more particular proofe whereof, I referre [| 
' you to the fourth propoſition in the thirtyFauseH Chapter ; dull 
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whatſoever is defeQivein the reclining ſide, will bee ſupplied 
in the oppoſite inclining fide, upon which the Sunne ſhinerh as 
ſoone As it forſaketh the other, 


North reolining 254, 
South, 
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The third kinde North reclining more than the equator. 


The Demonſtration, 


The laſt ſort iFVf —_ reclining planes as fall between the 
horizon 
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horizon and equator, repreſented in the firft ſchem of the for. 
mer Chapter, by the circle EB W, but in the later ſchem by 
B C V, ſuppoſed to recline 704, from the zenith, 
Now the equator cutting the axis of the world at right an: 
- gles,all planes that are paralel] thereto have their ſtiles elevated 
90d, aboyethe plane;and by how much more than the equator 
any plane reclineth from the zenith, by ſo much lefle than god, 
is the heighth of the ſtile proper toit. Therefore in the later 
{chem of the former Chapter adde P Z 38d. 28' the comple. 
ment of the elevation, unto Z B 70 d.o' the reclination ; the 
totallis P B 108d, 28}, thecomplement whertof to 1 86d, i; 
BSequalltoPV 71 d, 32'theheighth of the ftile defired ; or if 
you will without the complement, ( agreeable to the later 
{chem) becauſethe north pole P is elevated above the reclining 
planeB C V;thearchP Y ; therefore adde the inclination of the 
lane to the horizon, which is 20 4d. unto the elevation of the 
pole above the horizon 51d, 32', ſo haveyouP V 71d.32'the 
elevation of the pole above the plane, as afore ; unto which 
heighth make the Dyall inall reſpes, as formerly. 


TheeArithmeticall calculation, 


To calcu]ate the houre lines by the ſchem, you muſt ſuppoſe 
the meridian P F B, and the houre circlesP x,P 2, Þ 3,&c. to 
becontinued till they meet in the ſouth pole, then will the pro- 
portion be the ſame as afere, by the firſt variety of the fift caſe 
of R.S, triangles. 


As the fine of Þ D, counting from the Log, 
ſouth pole to the equator 90! © 100c0,00 
Ts to the tangent of D 1, one honres di- F 
france npor the equator 15 oO 9438.05 
So 75 the ſine of Þ B, connting from the 
ſouth pole to the plane | 7I 32 9977-04 


To the tangent of B 1 the firſt houres ds- 


ſtance npon the plane 14 16 2 F9405.09 | 


And this beinz all the variety of the calculation, we need not 
reiterate 
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reiterate the work ; now therefore begin the table as you did 
in the former, ſetting to every houre equidiſtant from 1 2, the 
equinoRtiall diſtances of 1 5 d. 30d. 45 d.&c, proper unto them; 
then taketnto a paper the Logar. fine of the heighth of the ſtile 
11d. 32' 9977.04, which being continually added unto the 
Log. tangents of 15 d. and 75 d. for 11 and 5 of clock, of 30d, 
and 60d, for 10and 4 of clock, 8&c. ſhall beget new Log. tan- 


gents, the arches whereof are the true houre diſtances upon the 
plane, as you {ee in the example, ” > 


A ee 


| Houres and | Equino- | Logarichmes Hounre ar- 


— 


Parts from | all di- | of rangents.” ches on | Differ, 
| the merid: ſtances, | the plane- | 

in jo] T4 "+ 
z | 7-30 | 9096.47 | 7. 7 | 
| 11 | I | 15. © | 9405.09 | 14.16 we 
y | 22.39 | 9594.26 | 21.27 Gur 

IO | 2 | 30. © | 9738.59 | 28 43 2 4 
| . | 1} 37-30] gonen a 
| 9 | 3 | 45. © | 9977-14 | 43.30 F 
| = | 52.30 | 10092.06 {| Fl. 2 [3 | 
| 8 | 4 | 60, © | T10215.70 | 58.41 | 1:39 | 
| 67.30 | 10359.81 | 66,25 —_ 
\. 7 | 5 | 75. © | 10548.98 | 74.14 _ 
f | 3 | 82,30 | 1085761 | 82, ©, Hon” | 
| 6 | 6 | 90. © } infinite. | 7 te 

Habs Elevation of the pole P N 51432, 


|Reclination ———ZB 70 0 
D»eſita Heighth of the ſtile PBorP V 71* 32, 


The Geometrical projetion. 


This done, draw two ftreight lines, CA 12, and 6 C6, 
crofling atright angles in C : upon thecenter C (with 60d, of 
the chord) make thecircle 6 A 6, repreſenting the reclining 
plane of the chem E B W, upon which circle the houre pl 

| taken 


inc his leo 
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taken out of the table, and prickt down both wayes frem 
(by help of the chord) and unto thoſe pricks ſtreight lines being 
drawn from the center C, you have the true houre lines def. 
red ; bythe ſame chord ſet o& the heighth of the tile from 4 
to B, i271. 32', and draw the prickt line C B repreſenting 
theaxis : eret CH at right angles over the ſubſtile CA 1, 
which placed in the meridian line, the center C reſpeRing the 
ſouth, and the wholeplane at C elevated to an angle of 20, 
above the horizon, that the axis C B may point up to the north 

pole, you have finiſhed the Daall to the plane propoſed. And 


North reclining 70d, 
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you may further note, that becauſe thereclination of this plane 
fom the zenith 1slefle than the reclination of the tropick of 7Þ, 
which is 75 d. 3', therefore after the Sunnes ſouth declination 
is 18d..28', (as appeares in the fourth propoſition of the thirty 
fourth Chapter ) it paſſeth off this fide of the plane, to the ep- 
poſite part, upon which thereſt of the yeere is ſupplied. 

Laſtly, as all other planes have two faces, reſpeRing the 
contrary parts of the heavens, fo alſo have theſe recliners fix 
oppoſite ſides looking downwards to the nadir, as theſe looke 
upwards to the zenith ; therefore may you by the very ſame 
rules make all the inclining Dyals alſo jor if you will ſpare that 
labour, and make the ſame Dyals ſerve for the oppoſites, turne 
the centers of the incliners downwards, which were upwards 
inthe recliners, and thoſe upwards 1a the incliners which were 
downwards in therecliners; and after this converſion, let the 
houres on the right hand of the meridian1a the recliner become 
on the left hand in theincliner, and contrary, ſo have you done 
what you defired : andthis is a generall rule for the oppoſite 
fides of all planes, which ſhall bee made more manifeſt in the 
21 and 22 chapters, where I purpoſely treat of inclining 
planes. 
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To draw the honre lines upon a declining reclining, or declinsns 
inclinin g plane, 


PAN declining reclining planes, there be the ſame 
AN ſix varieties that were in the former reclining 
ZeY, north and ſouth ; for either the declination 
P 2 may bee ſuch thatthe reclining plane will fall 
SN) Jult upon the pole, and then. it is called a de- 
PX&A clining equinotiall.; or it may fall above, or 
under thepole, and then its called a ſouth declining eaſt and 
welt recliner : on the other fide the declination may bee ſuch, 
thar the reclining plane ſhall fall juſt upon the interſection of 
the meridian and equator, and then it is called a declining po- 
| = $ 
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| lar; orit may fall above or ander the ſaid interſetton,and ther 
it is called a north declining eaſt and weſt recliner : ef all which 
I will give particular examples, that by imitation of them no- 
thing may remayn doubrtull. E 

And firſt for the better underſtanding of the work, you may 

remember that every declining reclining plane hath botha baſe 
and flat ; the baſe perpendicular, but declining, therefore (as a- 
fore) ſituate under ſome azimuth orother ; and the flatreclt. 
ning, which to the common mans underſtanding is beſt repre- 
ſented by the toofe of a houſe, falling back from the perpendi. 
cular of the wall whereupon it ſtandeth ; but upon the ſphere 
by the circle of poſition (as afore) ſuppoſed to move upon the 
horizon, with the declining baſe, and to fall from the zenith 
either wayes upon that azimuth which cutteth the baſe at right 
angles, by reaſon whereof the pole of the reclining circle 1s al- 
wayes ſo much elevated above the horizon as the circle it f6lfe 
(repreſenting the plane) reclineth from the zenith : all which 
may be plainly ſeenin the ſchem following. 


a ah 


The Demonſtration, 


Let the baſes of the recliners bee repreſented by A Z B decli- 
ning from the eaſt point E 3o d. to B as much as'the poles. 
thereof C and D do declinefrom the north and ſouth' parts of I 
the meridian NandS. The three varietics of ſoithrecliners 
upon the ſame baſe, are repreſented by the thregprickt circles 
AHB falling between the pole of the world and the zenith, 
AGB juſt uponthepole, and A E B between the pole and ho- . 
rizon, and the particular pole of each planeis ſo much eleva- 

ted above the horizon, (upon the azimuth D Z C croſling the - 

baſe atright angles ) as the plane it ſelfe reclines from the ze- 
nith, and marked in the ſchem with IK and L. [Now to avoyd 
confuſion of lines,it will not be amifle to draw theſe three caſes 
ſeverally, that you may the more diſtinaly percgive what you - 
are to finde 1n each of them. ” 
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In the firft,the declining XquinoQiall is repreſented, whoſe 
bale A Z Bdeclineth 30 d.from the Eaſt and Weſt line EZ W, 
cquall to the declination of the South pole therof, 3o d.from the 
South part of the Meridian S eaſterly unto D,the reclining plane 
8AG B,reclining from the Zenith Zupon the Azimuth C Z D, 
the quantity of Z G 34 d. 32': and paſſeth thorough the pole 
P:Set offfrom D to Q;: the reclination Z G; and Q ſhall repre- 
ent the pole of thereclining plane: fo much elevated above the 
horizon at D, as thecircle A G B, repreſenting the plane, de- 
Clineth from the Zenith Z ; from the pole of WorldP to the 
pole of the planEQ, draw an arch of a great circle PQ: whoſe 
centre will fall upon the periphery of the reclining plane,ſeeing 

N It 
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ir cuts the ſame at right angles in Þ; And becauſe ſome may be 


deſirous to any declination giuen , to fita plane reclining juſt 


to the pole : or any reclination being given to find the declina- 
rion proper to the ſame,this Diagram wall ſatisfie them therein. 
In the triangle Z GP, or rather the Quadrantall G CB\lertD $ 


' or C N thedeclination be given , and PN the elevation of the 


ole : to find the arch C G, whoſe complement is the reclinati- 
on G Z, by the firſt varietie of the 16 caſe of RS, Triangle F, 


Looar, 


As B N the Coſineof N C the declination zo7 © 9937+53 
1s to the ſine of B C 90 © 10080,089 
Sox the tang,of NP the nerght of the pole $I,32o1 0099.9 IT 


To the tangent of ('G 55.28, 10162.38 
Whoſe complement is G Z 344 32' the reclination deſired; 


And by the converſe for the other part : 
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Logar, * 


«As C G the cotangent of the recliuation 34. 4 32', 10162, 38 


To IN jd the taugent of the elevation 51 32, 10099.9 x 
$ors the lneof CB 90, © Io000 ©0 
To the ſineof NB . GO. © 9937. 53 
hoſe complement N C 304. ts the declination deſired, 


The eArithmeticall ( alculation, 


3... Inthis firſt example, you are to find two things : firlt,the 
. arch ef the plane or diſtance of the Meridian and Subſtile from 
the Horizontall Line; which in this Scheme 1sP B, the interſe- 
ion of the reclining plane with the Horizon, being at B, And 
ſecondly, the diſtance of the Meridian of the place S Z Þ N from 
the Meridian of the plane P Q : which being had. , the Dall 
is eaſily made ; wherefore in the Triangle Z GP right ang- 


led at G you have the ſide G Z given 34d. 32 the reclination ; 


| and you have ZP given 38d. 28' the complement of the e- 


levation ; and the angleat Z 30d. wheſe meaſure is N C the 
declination ; to find G P, whoſe complement is P B, either by 


the ſmall Triangle Z G P, or by the quadrantall Z C N, &y the 


1varzetie of the firſt,third fourth,or fifth Caſes of R.S.Triangles: 
g oragaine if you will (ſach is the variety of Triangles): by the 

{mall Triangle P N B,or the quadrantall B C G,you may with- 
outthe complement figd P B your defire. 


© Logar. 
1 efsthefineof Z GP 90 g- O' I0000,. 00 
Is tothe ineof PL 38. 284 9793-83 
So ts the ſine of G Z PP 30. 0, 9698.97 
To the ſneof GP © 18. 7 £9492,50 


Whoſe complement u P B 71. 53 


Or againe in the Triangle P N B you may find P B withour 
(ceking the complement,. by the firſt of the eighth caſe of R,S. 
Triangles. 
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 Logas; 

PAs the fine of the angle N B P 55d, 28, 9915.82 
Ts to the ſine of the fide Þ N 51.32. - angk 74 
So #5 the fine of the angle P. N'B 90, ©. Tbooe00 

to the fine of the fide P P21 * Pls Th 0977, $2 


ans ; by which errour, putting the 1 2 of clocke line out of the 
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The diſtance of the Meridian and Horizon, 


The ſecond thing to be found isthe diſtance of the Meridian 
of the place, which js the houre of 1 2, from the Su>ftile er Me- 
ridian of theplane, which is the angle it ſelfe of the two Megi- | 
dians, repreſented by ZP Q ; in which point 1:trekiBum 
and others following him werealſo miſtaken : making the an- 
zle ot deelination to be the diſtance betweene the two Merid1- 


tre place, all the reſt of the houres by conſequent are errone- 
ous alſo, 

To find this angle Z P Q,you muſt firſt find the angle ZE G, 
which raken outof GP Q 90d. leaveth the angle Z P Q 9 
2c ſecond of the fifteenth caſe of RS. Triangles, 


/ Logavr. 
2 As the fine of the ſide P Z 184.28", 0793.83 
Ts to the fine of the augle L G P g99 | O 10009.00. 
Ss 25 the fre of the ſide Z Gy 34.32, 9753-49 
To the fine of the angle Z Þ G 65.41. $959.66 


Taketheangle ZP G 654.41'out of GP Q 90d. therere- 
ncth ZPQ24 d. 19 for the difterence of Meridians , which 
gives the diſtance of 1 2 of clock from the Subſtile ; or againe, 


by theſecond of the ſecond caſe of R, S$, Triangles. 

. Logar. 
As the Radius : YO d_ O, I 0000.00 
1s to the ſine of the latitude Fr.32. 9893-74 
Ss 15 the tangent of the declination 30.0. 9761.14 
To the tangent of the angle betweene the {wo 24-19 , 9655-18 


Aderidians, 


being 1nverted, or drawn to the South pole, as indeed it ought 


Qefita <2 diſtance of the Horizon & Meridian-P B-714.53 
3 angle,betw cene the Meridians —Z P Q-24,1 9. 


WE_ 
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Now becauſe 24d.19'is more then 15 d. , one hourcs dj. 
tance from the Meridian : and lefle then 30d. two hourcs di- 
{tance z I conclude that the Subſtile ſhall fall betweene 10 and 
;1 of clockgg#n the Weſt {ide of the Meridian : becauſe the 


plane decl reth Eaſt ; and as the very Scheme it ſelfe direteth, 


to DE. 
Hevation | of the pole Þ.N 514, 32 


Declining Eaſt SDorCN 3o ©, 
hn : 
 CReclining Z0 14.2%. 
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Theſe things prepared, make the Tablefor the houres ; adde 
unto them their EquinoCtiall diftances from the: Subſtile , asin_ 
the example adjoyning; wherein becauſe r 1 of clocke is bur x 5 
d from the Meridian,take 1 5 d. out of 244, 19'. there ſhall re. 
maine 9 d. 19'for the EquinoQiall diſtance of the honre from 
the Subſtile; then take 24.4. 1 9'out of 30d. thediſtance of 19 
of clock, there ſhall remaine 5 d. 41, for that houres diſtance 
from the Subſtile; the reſt of the houre diſtances are eafily had, 
by continuall addition of 1 5d. Vnto theſe houreJdiſtances joyn 
the naturall tangents as you did in the Eaſt and Welt Dials, 
which will give you the trne diſtances upon the line LK of the 
plane of every houre from the Subſtile : ſeeing that LF K 1s a 
tangent line in reſpe& of the Radius E F, you may allo by helpe 
of tke chord ſet the EquinoGtiall diſtance from the Subſtile upon 
cach arch HOF:and CEO: and from their centers draw 
ſtreighr lines , to interſe& the tangent lines 6 E 3 and LNK: BW 
which ſhall agree precifely with the naturall tangents afofeſaid; * 
if there beno error in the worke, £ | 


FL the naturall tangent of 6 of clock — 2 213 


F K the naturall tangent of 3 of clock — 2 648 Logar. 

L K the whole line Is =—_———n—— 4 0686,7256 

E F the length of the ftileproportioned 2 02957 g313.2744: 
to L K 2s ooormonmnmnma nan mnnnn—_—  Compleo 


Arithmeticall complement thereof gives the length of the ſtile. 


The Geomeiricall projeion. 


 Todraw this Daall true, conſider the Scheme, let ABCD 

be the Horizontall line, drawne upon the reclining flat , moſt | 
convenent for the houre lines ; which will be alwayes a paral- 
 Iel tothe baſe thereof, repreſenting A Z B of the Scheme; upon 
any part of this line asat B, make anarch of acircleCEO, (e- 
quall to 60d, of the chord); repreſenting AG B the reclining | 
plane in the Scheme; from C unto E reckon the diſtance of BP |] 
m the 5cheme betweene the Horizen and Meridian, which gi- 
veth the place of the Subſtile, on the Weſtſide of the _ 
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when the declination is Eafterly ; on the Eaſt fide when We- 
ſterly agreeable to the Scheme inverted; thorough the point E 
draw the line B E F for the Subſtile line; upon E, or any other 
art of the Subſtile where you will make another arch ofa circle 
(me the ſame chord) F OH : for the EquinoQtiall crofle the 

_ Subſtile at right angles; both in Eand F: 6E 3, and LFK 
ſhall be rwo tangent lines to the arches CEO and FOH, 


drawne with the SemidiametersB E and E F;upon the arch G 
F Hfrom F to G reckon the angle betweene the Meridians 24. 
d. 19': or take the naturall tangent thereof, © 45: (opening the 
Seftor to the Radius E F) and fer it uponghe ſtreight line FK 
from F to N; doe the like upon the othEFarth , and tangent line 
E 2 : atid draw thelinesE O N, andB O 12, whoſeinterſe&i- 
ons upon the tangent lines ſhall bein the Meridian of the places 
and that Eaſterly from the Subſtile when the declination is 
Eaſt, (as in this example) but Weſterly when the plane decli- 
neth Weſt (becauſe in this Diall the Subſtile is firſt given, and 
the Meridian found from that.) Set of the reſt of the tangents 
from F and E , both wayes by helpe of the Sector, or line divi- 
ded into 100 parts, as you find them in the Table, vz. for 
11 H, 0164 for 1 H, o8ts for 2 H. 1392 and ſo of therelt, Vn- 
to every one of theſe points draw parallels to theſubltile, which 
will crofle the tangent lines at right angles, and fo 'be all the 
hourelines truly drawne, Theſtile muſt either bea ſtreight pin 
of the length of 'E F the radius , ereted perpendicularly upon 
the plane inthe point F,or elſe along {quare at the ſame heighth 
erected ouer the Subſtile, and fo is the Diall imiſhed for uſe;and 
turther you may note, that by the rules ofthe 9or xz Chapters, 
you may proportion both the length of the ſtile, and wideth of 
the houre lines to the capacitie of the plane , ſceing that LEFK, 
118 a tangent line to tke Radius E F, as you ſee done by the tan- 
gents of F L, and F K, the two extreme houres of the Diall, The 
Diall being drawne and placed , according to the declination 
20 d.Eaſterly,and the wholeplane at E raiſed to an angle of 5 5 
Wez3' the complement of the reclination,the ſhadvyy of rhe ſtile 
[1All giyg Fe houres of che day delired. 


Cuavp, 
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 Todraw the houre lines upos a South reclining plane, acclinj; 
Eaft or Weſt which paſſeth betweene the Zenith ana the pole, 


The ſecond Example. 


N this ſecond kinde of declining reclining 
2 planes, the ſouth pole is elevated above the 

Ts as may appeareby this or the greater 
Scheme of the former Chapter : wherein the 
circle AH B repreſenting the plane, falleth 
betweene the Zenith Z , and the North pole 
P, and therefore hideth that pole from theeye, and forceth you 
to ſceke the elevation of the contrary pole above the plane; 
which notwithſtanding maketh the like and equall angles upon 
the South fide objeRed to it, as the North pole doth upon the 
Northſide,(as is proved in the Diagram ofthe 12 Chap.)ſo that 
cither you may imagine the Scheme to be turned about,and the 
North and South points changed , and thenitwill repreſent 
the Scuth part of Heaven ; or yon may calculate the houres as it 
ſrandeth,remembring to turn the ſtileupwardsor downwards, 
and change the numbers of the houres, -as the nature of the Di- 
a] will direct you. 


Elevation of thepoleP S 514.32, 


Data Declining Eaſt—SC 309, o, 


South 


Recliing———Z H 20,0, 


: diſtance of Meridian and Horizon OB 784.50. 


Queſte heighth of the ſtile PR134g 


3 diſtance ef ſubſtile and Meridian —— R O 


4 anglebetyeene the two Meridians-OP R 28.52 


The 
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The Demoyſtration, 

In this and all thelike declining reclining Dials, there are 
foure things to be ſought , before you can calculate the houres, 
the firſt is the diſtanceof the Meridian from the Horizon upon 
the plane, which in this particular Scheme is part of thearch of 
the plane O B;N P Sbeing the meridian of the place,and B the 
point in the Horizon inter(eAcd by theplane, 

Secondly , the heighth of the pole or ſtile above the plane, 
which is part of the great circle ® R Q, paſlingfrom the pole of 
the plane at Q unte the pole ofthe World at P, andelevated a- 
bove the plane A HB, the quantitie of PR, at 

Thirdly , the diſtance of the ſubſtileand meridian upon hs 
the plane,repreſented by O R,P R Q being theſubſtile or meri- 
dian of the plane, and NP S the meridian of the place. | 

Laſtly, the angle betweene thoſe two meridians O PR, all 
which foure demands, areby the helpe of Logarithmes found 
oatat five caſie operations, in manner following. 

The eArithmeticall calculation. 
In the ReRangular Triangle Q SB , you have the 


right Angle at S , @nd the acute Angle at B, whoſe 
mea- 


a 2 OO Con bs Lon. het Aa 062 ut ts, DA "% , 97" pa He6; 6c $6 Cad as 2 ” 
FE _— Ls agar, at” M6 2 he 4 2 a Hil "_ "IS. Opn” Re = EF as 
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cond variety of the fifth cafe of R. S, Triangles. For 


the Horizon, 


- find theſide Z O, which taken out of ZP, leayerk P O by the 


| Logar. 
As the ſine of the angle HZ O 304.0 9698.97 
Ts to the fine of the fide oe ko I1.10 9287.05 
Ss the ſine of Z IT'O 90.0 10000,00 | 
{p:b+ ne of the baſe O Z 22.47 9589,08 


2” © a 
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meaſure is C H, and theſide S B, comprehended by them ; i, | 
find the ſide OB by the firſt varietie of the ſeventhcaſeof R 5Þ 
Triangles: but becauſe you ſhall have uſe of H Ott will be ber. 
ter to deale with the quadrantall triangle Z C S, or the lefley 
triangle Z H O;wherein you have the angle Z 30 d,whoſe me. 
fare is the arch CS the declination, and you have part of the 
adrantall ſide Z C,vizt, Z H,the reclinatien 20 d: to find the 
leſſer arch HO, whoſe Complement is O B defired , by the {- 


| * Logar, 

1 As the whole fueZC  909%0 Io008.08 

Ts to the ſine of the fide Z H 20.0 9534.05 
So is the tangent of ('S 39.0 9761.44 
To the Fangent of I: I 1.10 £9295.49 


Whoſe Compl: is O B 984, 50', the diſtance of the Meridian from 


2 Inthetriangle H Z O, you havethe angleat Z 30d, and 
the fide oppoſite H O x 1 d. 10' with the right angle at H ; to 


firſt varietie of the eighth caſe of R.S. Triangles. For 


Onutof Z Þ 384d.28',take Z O 224,47 therereſtketh PO 154, 


3 Intheverticall triangle Z HO, andPRO, becauſethe 
ſines ofthe Hypotenuſas, and perpendiculars are proportionall, 
you may deal with both together to find P R the heighth of the 
ſtile by the 1 5 of thefourth of Regrowontanm , or the ſecond of 
the 14 of Finke ; For | OY 


AS 


As 
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2 Logar; 

{; the fine of the hypotenuſaZ O 32 4,470412,00,arth,co, 
7; 20 the fine of the perpendicular ZH29 o 9534.05. 
at the ſine of the bypotennuſa PO 15 41 9431,88 

1 the fine of the perpendicularÞP R 13 49 $93779 

The heighth of the ſtile defired, ( Hs you _ - NIN 
eformer caution, to auoid ſubſtracion, becauſe the Radius is 
one of the three proportionals given. — | 
4 In the triangle P RO, you have the fides PR,” and PO gf- 
ren, and the right angle atR,to find the de O R,by the ſecond 
wiety ofthe third caſe of R S Triangles. 


Logar, 
rthe Coſone of Þ R  134,49' 9987,25 
119 the ſneof PR O 99 © 19000,00 
oi the Coſeneof PO I5 41 9983.52 _ 
Tathe Cofineof OR 7 39 9996,27 


The diſtance of the ſubſtilefrom the meridian. 
5 In theſame triangle P RO you have the three ſides g1Ven, 
d the right angle at R;'tofind the angleatP, byeither yarie- 
ic of the 15 and 16 Caſes of R.S Triangles, For ED 


| Logar, 
4s the fine of the jade PO I5 4,41' 9431,88 
i; ro the ſine of the angle PROgo © 1 ©000,00 
$044 the fine of the ſide RO 7 30 9115,69 
To the fine of the angle RPO 28 52 9683,81 


| New as in all the former workes the angleP betweene the 
wo Meridjans being 28d, 5 2', which is more then onehoures 
diſtance from the Meridian , and lefle then two, you may con- 
clude that the ſubſtile muſt ſtand betweene the firſt and ſecond 
hourefrom the Meridian or 12 of clock Weſterly, becauſe the 
declination is Eaſterly, by that meanes to bring the ſhadow 


oper upon the meridian of the planezthen ofthe place EY | 
Fr nr TE ore 
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| fore now returne to the generall ſcheme of the fifteenth Cha,; 
,  trer,andletfalla ekarkr betweene 11 and 10of clocks, 
butſomewhat ncereunts 10, as is the pricktlineP R upon thy 
q circle A HB , by helpe whereof you ſhall finde the true hows 
diſtances as folloyyeth. L 


—— — 


wr, 


'F | Houres and | Equino- | Logarichmcs Honre ar- 

bt | parrs from | Qiall di- } of rangents. | ches on [Difter, 

! | the ſubſtile- | ances. the planc- 

h q : Ef Ed d 2 | ns Te yg * 

i - | SF 16-22 it. $425.51 1,32] 1.50. 

L: IT [I | 13-52 | 8770.3 3.22 | I-58 
L + 13 21,22 | 8970.36 5.20 | 2.10 
{12 | 12 28.52 | 9119.29 | 7,39 | 2.25, 
T | 5 36.22 | 9245.02 | 9.58 | 2.57 | 
WE [EE 1 43-3011 9360.74 | 13.35 | 3-73 | | 
fe j5 | 51.22 | 9475.25 | 16.38 | 4.56 
2 [10 | g8-524 9596.87 | 21.34 | 7. 3 
| s | ; 66.22 | 9736.87 | 28.37 10.55 
3 | 9] $352 |} 9926.63 [39.32 4.46.2 : 4 
{ © |> | $1,22 | 10196.57 | 57.33 [27.43 | 
i 4 | $ | $8.52 } 11081.64 | 85,16 * 


PR 
U—_—— 


; Houres and | Equino- Logarithmes Houre ar- , 

' parts from | Qiall di- | of tangents. | chos on | Differ, | 
| the ſubſitle, | ſtances. | | theplane, | 
EW 4 Fg Bees af 
20 12 | = 87 7674.22 | ©. x6 | 1.49 | 
| > | © 38] 8559.29 |2. 5'| T.52 | 
| *-2 | 16, 8 8839.24 Ye $3 | 2, I 
> |3 | 23-38| 9018.99 | 5. 58 | 2.14 | 
| $ {4 | 31. 8 9158.99 | 8. 12 | 2,36 
|» |: | 38.38| 9280.61 | 10.48, | 3. 9 
(7 |s | 46. 8] 9395-11 | 1357 | 4 I | 
1: x 5343S 9510.94 | 17.58 | Je27 

| 6 6 G1. 8 9636.56 23.25 |} 7.59 
[. : | 68.38] 9785-50 | 31.24 | 12.49 
[LF |7 | 76 8 9985-48 | 44. 3 | 2054 

| "s 5 | 63.38 IO0330435 6457 = 


—_—_— 
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pM rirſt, therefore make a table for the houres as form erly dire- 
ke Mad, wherein becauſe the ſubſtile fals betweene 10 H, and 
Wie an houre paſt, begin with the halfe boure firſt,and take 22 
ml: ;o' the EquinoGtiall diſtanceof 10 H, and*3from the Meri- 
Win, outof 284.5 2', the diſtance of the ſubſtile from the Meri- 
411n, there reſts 6d. 22', the diſtance thereof from the ſubſtile ; 
Likewiſe take 28d. 52', the diſtance of the ſubſtile, out of 
:0d, the EquinoRtiall diſtanceof 10 of clock from the Meri- 
+dian, there refteth 1 d. 8', for the diftance of 1 o of clock from 
the ſubſtile : Having theſe two diſtances on each (ide of the ſtb- 
ſtile by continuall addition of 7 d. 30'for ; houres, and of 15 d. 
for whole houres , make up the Equinotiall diſtances of the 
reſt of the henres,as inthe example ; Now becauſe 11 Hand 5 
MH.:2 Hand 6 H.x H.and 7 H.2and 8H. 3andg Hand 4 and 
joH.are god, diſtant in the EquinoQiall each from other, 
therefore 11 houres being 1 3.d. 5 2' on the oneſide, 5 H, ſhall 
be 76d, 8', diſtant from it on the other fide , as by the former 
addition doth appeare : and by reaſon that the EquinoRiall di- 
tance of one houre is complement to the other god, diſtant 
from it, you may at the ſame work (as hath been often ſhewed) 
find the diſtance of both upon the plane at once; for if you tran- 
{cribe the Log. Sine of the heighth of the ſtile mto a paper, and 
adde it to the Lagarithm: tangent of x 3 4,52', you producÞa 
new Log:tangentfor the arch of 1 1 of clock, and adde it to the 
Logarithm: tangent of 76 d, 8', the Complement thereof, you 
produce a new Logarithm: tangent for the arch of five of clock, 
which will be the ſame with the operation at large, by the firſt 
varietie ofthe fift caſe of R,S Triangles as in this Example. 


I | IT | Logar. 

' As the fine of Þ R 11 Scheme 15 Chapter 90 *,& 10000,00 
[s to thetangent of the angle EZ I11 I3 53 9392.45 
So ;5 the fine of the beighth of the ſtile PR 13 49 9378.06 
To the tangent of the fide R 11 223 28530.51 


And by the famecaſefor R 5 inthe trianzdle RP5. 
As 
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Logar. 
 eArthefineof PR5 90, o 10000.00 


Ts to thetangewtof RP 5 76 8 1060755 | 
So ts the fine of the ſide P R 13 49 9378-06  n4 


To the tamgent of the fdeR5 44 3 9983.61 
Ando proceed with all thereſt. 
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The true houre diſtances upon the plane being thus found, 
you may eaſily make the Djall in this manner, 


The Geometrical projettson, 


Firſt draw the horizontall line A C Bin the upper part 
the plane, becauſe the ſtile of this Diall auſt looke downwards 
to the Sonth pole, and this line inall recliners will be paralel 
to the baſe repreſenting A CB of the ſcheme, Vpon any partot iſ 
this line, asat C , make the circle ADB ( with 60d, of the 
chord) repreſenting theredlining circle of the ſcheme A HB; 

- andbecauſe this plane declineth Eaſt , the ſubſtile and allthe 
morning houres muſt ſtand on the Welt fide of the Meridian, 
asthe great ſcheme ofthe 1 5 Chapter doth demonſtrate :if you 
ſappole P to be the South pole, and the next fide of thereclining I 
flat A HB to the pole, to be the South ſide thereof, but the par-. 
ticular ſcheme will better dire& you toreckon the diſtance of | 
the Meridian and horizon in the Diall, from A the Welt part of 
the horizontall line, as B Rtandeth from S in the ſcheme : thatſo 
 theſubſtile may ſtand to the Weſtwards of the Meridian, or the 
complement of that diſtanceto 1 80d. from B', the Eaſt part . 
of the Diall, both which will bring the 12 of clocke houre 1nto 
the due place, agreeable with the nab viz, AEtroBOand 
ED toRO, thereforebyhelpe of thechord ſet of thediſtance 
of the Meridian and horizon 78 d.5o'from Ato EF, and draw 
theline CE 12, for the 12 of clock houre, fromE reckon 7d. 
20 the diſtance of the ſubſtile and Meridian Weſtwards, as R 
ſtandeth from O in the ſcheme , and draw the prickt line C D 
for the {ubſtile, from the point D of theſubſtile ſet of either ws 
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South declining Eaſt, 30 d, reclining 20d, 


by help of the chordethe true houre diſtances of 3 di22'for 17 
of clock, and 7 d.zo' for 12 of clocke, and ſo of the reſt, as they 
land in the Table , unto every pricke draw a ſtraightline from 
tte center C, ſo have you all the houres truly drawne. Laſt of all 
et of from D the heighth of the {ile D F x 3 d. 49', and draw 
ve line C F for the axis, which feRecd direAly over the ſub- 
tile C D, the Diall is perfeRed for uſe, but muſt be placed in its 
lie poſition by the declination ang reclination thereof, L 
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Now in this one kind of Diall you have made 4 (as foreſaid Y 
only turning the ſtile, and placing the numbers of the houregaz | 

\ theplanerequireth, v4z. a South declining Eaſt or Weſt, recli- : 
. ning 20d.ora North declining Eaſt orWeſtinclinin as much, 
as you may cafily colle& out. of the analegie of the foure Dial; 
of the ninth Chapter, to which Irefer you. 


— — 
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To draw the honre lines #pon a South reclining pare , declining 
Eaſt or Weſt which paſſeth betweere the Pole aud Horizon, 


-The third Example, 


99> @7>0/277) Ab He third varietie in South declining recli- 
" V.. ning planes, is of thoſe that paſſe be- 
tweene the Pole of the World,and Ho- 
rizon, as in this Scheme 1s repreſented 
by the circle of reclination A F B, In 
this example}, becauſe the planefalleth 
SU SEAXF under the North pole,therfore that pole 
GED LO is elevated above it, from whence you 
may colle& the center of the Diall muſt ſtand downwards up- 
on the plane,contrary to the former, that the ſtile may looke up- 
wards to the pole it reſpeeth., - and the houre lines muſt alſo 
point the ſame way as tn the Scheme alone is manifeſt, 


Elevation of the pole PN FI d. 2 ot 


W/ , 
Yy * 
wi 


Data « Declining Eaſt SD - 3o o 
South 
Reclining ZF 56” © 
x the diſtance ofthe Merid. & horizon OB 644.41' 
2 the herghth of theſtile PR—————_— 25 


Ouz/ita 


) 3 the diſtance of the ſabſtile & Merid, RO: 6 2 


\.4 theangle between the two Merid, RPO17 *M 
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The Demonſtration, 


Now the fame fourethings , that you found for the former 
| Diall, aſt alſo be ſought for this, before you can calcalate the 
houres, viz. Firſt, the diſtance of the Meridian and Horizon 

ntheplane O B. Secondly , the heighth of the pole or ſtile 
bore che planeP R. Thirdly, the diſtance of the ſubſtile and 


W* 


leridian R O, and laſtly, the angle betweene the two Meridi- 
Z PQ, or the verticall R P O;all which doe plainly appeare 
the pres ſcheme adjoyning , the firſt whereof OB is 
und &y che firſt varietic of the fift caſe of R.S triangles : for in 
K quadranrall Z C N, | OO 


The eArithmeticall calculation, 

| — Logar. 

4: the whole fine Z ( | gol © 10000.00 
tothe ſoxe of the reelination F Z 55, o 9913.36 
the tangent of the declination CN 39 o 976 1.44 _ 


| ' | > " 


| 
| 
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Whoſe complementis O B 64 d. 41', the diſtance of th} 


Meridian and Horizon. ; 
2 Inthe triangle B N O you muſt ſeekethe ſide NO, by th, 


firſt of the firſt caſe of R.S triangles, orin the qatarnall BY EC -R 
by the firſ# of the fift caſe, For | 1 


Logvr. h 1 
As the fine of B AO god.o 10000 00,00 
7s ro the ſineof BO. 64 41 9956.15 I5 7 
So z5 the coſine of the reclinatios NBO 35 ©o 975 $ 59 | 
: Tothe ſineof N O HH 37 4 X 9714474 | 
Or againe, 
| Logar. 
 AsthewholeſineB C 90d, Oo 10000.00. 
is to the tangent of F C 35 O 9845. 23 
So zs the ſine of B N "60. © ann. 
T o the tangent of NO 31 14 #29782.76 
TakeNO31d. 14outof NP 516.32; there reſterhP0 


20d.18' 
3 Becauſe the fines of the Hipotenuſas and adn of 


the verticall triangles R O P and N OB are proportional] , you 
may deale with both at once to find R P, by the 15 of the fourth 
of Regiomontamy , or by theſecond of rhe * urteenth of Finkin, 


For 
 Logar. 1 
As the ſine ofrbe HypotenuſaB 0.  64441' 0043.84 4. 


75to the ſine of the Hypotennuſa P O 20 18. 9540,25 
So zs the ſine of the perpenaicul;rr N B 6o ©o- 9937.53. 


-—- ————— - ——— 


T othe jine of the perpendicular RP 19 . 264051. 62. 
ThercforeR P 19, 25'isthe heighth of "ag pole or ſtile 
adove tFe plane. 
4 In the triangle R P Oſceke the (ide R O, Y the ff of the 
third caſe of RS. manic, Tor © 


F F 
X ; a4 
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187 | 

l | Logar. | 
obs tho cofne of RP  194da5' 997457 | 
* TL the pneoef PRO 9 0©' 10000,00 | 
j Og 15 the coſine of P Oo 20 I Q : 9972.1 "= ; 
4 Tothe coſine of RO. "EC 2 97.5 8 4 
"Y Orif you will by the fame yerticall triangles, and ſecond | 
axtome of P3r1/719, I | 
= 78 Logar, 

the tang of the perpedicular NB 604, &' 9761.43 Ar cit | 

WW: to the fine of the baſe NO 31 14 971499 © | 
ithe tang.of the perpeatcnlar RP 19 25 9547.1 4 | 

To the fine of the baſe RO 6 2 @9023.34 : | 


The diſtance of the ſubſtile from the Meridian. 
5 Laſtly, in the ſame triangle RP O ſeeke the angle at PD, 53 
he ft of the fift caſe of RS, triangles, For 1 


0 Logay; 
of 1 the pre of the de PO 204, 18' 9540.25 
2u Wi to the fire of the angle P R O Jo oO I0000,09 
th W's the fineof the fide RO 6 2 9o21,63 
bs, ithe ſine of the angle RP O 7 38 9481.38 


Therefore r7d. 38 1s the angle RPO betweene the two 
S Meridians equall toZP Q , becauſe they are verticals. 


0 2  Houres 
e 
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Pg | Houres and | Equino-! | mes |, Honrear- . ; i 
pares from | tall di- | of tangents. | ches on Differ. 
the ſubſtile» | ſtances, * the plane | 
= = _- Fey To - 23” 0 | a Ll 
3 [7 2,38 | 8184-30 70.53 | 2.31 
= [x | 19.5 8773-31 | 3-24 2.38 
12 [12 | 17.38 | 9023.85 | 6.2 | _ 50 
« |3 | 25. 8 | 9192-92 | 8.52 3. 9 
; x |21 | 32.38 | 9328.03 | I2. I | 3.38 
- {5 | 49. 8 } 9447-48 | 15.39 4.22 
| 2 [10 | 47.38 9561.59 | 20. I -.29 
. z | 55-8 þ 9678.54 25.30 7.12 
3 | 9 | 62.38 | 9807.61 | 32.42 9.5 ; 
[is z | 70.8 | 9963.70 | 42.37 13.5 
| 4 8 | 77.38 | 10180.67 | 56435 19. 3 
» | 7 | 85. 8 | 10591,46 75438 : 
| pevrfom | ang. | ine | Eos | pit, | 
| theſubſliſe, | flances. theplane, 
| BR | -* Ec 
we bs: | 145211 8451-77 [2-37 ,..|H 
10 |2 12,22 | 8862.56 | 4. IO 2.41 
| - {2 | 19:52 | 9079.53 6. 51 2.58 
19 13 27.22 | 9235.62 | 9. 46 2s 1 
. z | 34.52 | 9364.69 | 13, 2 2 x0 [ 
8 [4 | 42.22 | 9481.64 | 16,52 | < p 
. |: | 49-52 | 9595-79 | 21.31 | Fo | 
| 7 |s | $722 9775.20 | 27.261} on | WP 
L | | #5321 995935 [83-19 | og | ih 
| 6 |6 | 72.22 | 10019.,38 | 46.17 15.27 | 
{e |; | 79-52 | 10269,43 61.44 | 2 3 | 
| 5 [7 [$87.22 10858931 $2, 59 
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Theſe things being found,firſt make the Table for the houres 
2s is heretofore direted, conſidering, that. becauſe the angle 
betweenethe Meridians is greater then one houres Equino&i- 
all diſtance from 1 2, and lefle then two, therefore the ſubſtile 
(from whence the other houres diſtances are to be ſet) muſt fall 
between 11 and 100f clocke (for the reaſons heretofore allea- 
oed) viz, 249. 38' from 11 houres, asby ſubſtraRion of 15 d, 
the EquinoCtaall diſtance thereof out of i 74. 2 8',and 4 d.s5 2 
from 10 houres; , as by ſubſtra&ion of 17 d. 38', out of 22d, 
20, the EquinoRijall diſtance of 10 ho. doth appeare, where- 
fore begin the table at x x of clocke, and end it with 105: unto. 
24, 38, the EquinoQiall diſtance of x x houres from the ſub- 
tile, adde 7d. 30'. ſooft as you canunder 90d. andunto 4d. 

52'for 10 ho: {doe the like, fo ſhall you haue the EquinoRzall 
diſtances of all the other houres and halfes,the Logarithmeticall 
tangents whereof being continually added to the Log. fine of 
19d, 25, the heighthof the ſtile P R ( firſt tranſcribed into a 
paper) ſhall give you new Logarithmeticall tangents, ' whoſe 
aches are the true houre diſtances upon the plane , repreſented 
ſ by the circle AE RB, for by the firſt of the fift caſe of RS, Tri- 
gl -»7/cs, the two triangles 11 PR, and5 PR of the greater 
Scheme ofthe 15 Chapter, compreheading 90 d. in the Xqua- 
F or may be reſolved together, 


Logar, 


| ” OCTEAH | 
JA: the frxe of god, & 10000,00 
1 ef PR 5 


| RP11i'2 - 38 $662,609 
Wt the tangent of the angle. or 
| RP5 ou” 220001721 


lo 15 the fine of the heighth of the file PR19g 25 9521.70 


Bm rr 


To the taugentsof each R 1 4 O 53 181984.40 
W Ponres diſtance upon or 
the plane © /R5 62 7 18859.02 
Wherefore (as the Table ſheweth) the firſt houreR 11 is di- 
6 O 3 - ſtant. 
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- ftantfrom the ſubſtileo d.s 3',and R 5 ſixhoures diſtant from e: 

 levenis82d.7,S0isR12.6d.2,R10.4d,10,R1:120. r, 
R 9. 99. 46/,and ſo of thereſt, "FT, 


The Geometrical! projeflios, 


The Table being prepared, and the houres diſtances calcu- 
lared, draw the Horizonrall line A C B, paralell to the baſe re- 
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South declining Eaſt 30d, 
Reclizing 55d, 


The Art of SHADoOVVES; 197 
preſenting ATZ'B of the Scheme, towards the lower part of the 
plane; becanſe the center muſt ſtand downwards, and the ſtile 
and houres point upwards to the pole , as appearesby the very. 
infpe&tion of the Scheme, In 'any part of this Horizontall line, 
as at C,placetlecenter , andwirh the length of 60'degrees of 
the chord, draw thearch ADEB, repreſenting the: reclining 
circle A FO Bofthe Scheme. Inthis arch place the Meridian, 
ſubſtile, arid houres, as they lie in the Scheme, and you cannot 
doe amiſle, viz, from B the Eaſter part of the Horizontall line 
of the Diall*, ſet off by helpe of the chordeunto 1, B Oof the 
| Scheme 644.41, the diſtance of the Meridian from the Hori- 
20n, and draw CV rt 2, for the 12 of clocke honre from the line 
of 12 unto E reckon O R of the Scheme 6. 2 the diſtance of 
the ſubſtile from the Meridian, which ſerof Weſtwards,agree- 
able to the Scheme, becauſe the declination is Eaſtwards , and 
draw the prickt line C E for the ſubſtile , from the point E both 
wayes ſet of by helpe of the chord, the honre diſtances of 1 o. 9. 
8.7.6.5.to theWeſtward therof,& 11.12.1.2.3.4.to the Eaſt- 
ward for the reſt of the houres (as you may ſee them lie in the 
greater Scheme of the 15 Chapter ) and to cach pricke draw 
ſtraight lines from the center,ſo is the Diall finiſhed for uſe. Lalt 
If of all, ſet of the heighth of the ſtile PR 19d.25' from E to D, 
and draw theline C D repreſenting the axis, which being ere- 
Red perpendicularly over the ſubſiile line C E, thebaſe A CB 
declining 30d. Eaſtwards, and the whole planeat 6.1 2 raiſed 
© toan angle of 35d. above the Horizon, will ſhadow the true 
koure lines upon the plane,and ſo you have done with the three 
varieties of South declining reclining Dials, W herein allo note 
that having made this one Diall (or any of thelike) you have at 
Wonce made foure , changing but the poſition of the Dials, and 
W :tering the numbers of the houres, asthe plane doth require , : 
W for firſt this anſwereth to the oppoſite the North declining 30d. 7 
Weſt, and inclining to the Horizon the Complement of the re= p 
Clination 35 d, alſo the Seuth declining 30 d. Welk reclining 
55 d. or to his oppoſite North declining Eaſt 30d. and inclt- 
ing to the Horizon 35 d, which becauſe they are by the exain- 


ble of the ninth Chapter caſily deduced one out of the other | 
i | O 4 5 l 
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ſhall not need toſpend more time about them, yet this og; 
thing more may be obſerved,that for variety ſake,and ſomeeap 
alſo in the Worke, if you take OP the arch of the Meridian be. 
tweene the pole and the plane, in the laſt Diagram 20d. 18'feor 
the latitude, and the angle NO B, or P O R betweene the Me. 
ridian and the plane 73 d.2o' for thereclination, you may re. 
- Euce this decliningreclining plane , or any other after the ſame 
- manner, into an Eaſt or Weſt reclining plane,unte which Dialf 
being made, it ſhall give the ſame houre lines that the former 
Hath done,as may eaſily be tried by therules of the 7 2 Chapter, 
yeelding the ſame elevation of the ſtile 1 9d.25'. the ſame di. 
 Ranceof rhe ſabſtile and Meridian 6d. 2', and theſame angle 
between the Meridians 17d. 38\,which by the feverall ſchemes 
will at the firſt fight plainly appeare. 
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Cuar. AVIII. 


Fo draw the howre lines yon the polar plane declining Eaſf oy 
Weſt , being the firſt variety of North declining reclining 
Planes, | 


Z 


2/Arp S in the fouth reclining decliners there are three 


V7 FH; 
ny D 

2, 
PP/f 


The Demonſtration. 


Let the North declining baſe inthe Scheme adjoyning bf 
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call W E, as mach as the Axis and poles of the baſe C and D 
decline from the MeridianN Z S, and let the plane of the firſt 
varietie be repreſented by the circle BGA, paſſing thorough 
the interſeRion of the Meridian and Zquator at z,diſtantfrom 
the Zenithupon the Meridian NZ S 5 1 d.z2', and let theplane 
ofthe econdeitiericds AHB, cutting the Meridian betweene 
z x the Zenithand that interſeRtion , and the plane of the third 
varietie repreſented by the circle A F B cutting the Meridian 
betweene $'z the Horizon and that interſeRion ; Now as the 
houre lines from P the pole of the World cuteach of wa 
OE MEN dining 


repreſented by the line AZ B declining frem the prime verti- 
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clining circles , ſo will they fall upon theſeverall planes repre- 
ſented by them, whoſe true diſtances we are to ſeeke. 
' And further you may obſerve from the bare inſpeQion of the 
1 Scheme, that now the declination of the plane is become We. 
| ſterly,all the houre lines runne to the Eaſtward of the Meridian, 
fo that ſcarce any fourenoone houres at all will fall upon theſe 
planes, and therefore that the ſubſtiles of every of them muſt 
alſo ſtand on the ſame ſide of the Meridian, as hath beene here- 
tofore manifeſted,and further that if you be diſpoſed to make a 
Diall upon the baſe of the planegdeclining only,as well as to the 
{ plane thatdothdeclineand recline, you-may ſee how the houre 
| Jin fall upon theſtreight line B Z Arepreſenting theſame,and 


 / frame the calculatlon and worke, as in decliners : But to avoid 
confuſion of lines, it willnot be amifle to draw the three ſeve- 

| rall Caſesby themſelves (as was done before} in three ſeveral! 
Schemes marked with 1111, V, and V I. 
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Elevation of thepoleP N 514,32. 


Data HAAS WeſtN C 604, 0; 
ort 


_” 


7Reclining Z G 32 = Fto 


J diſtance of Meridian and Horizon A x 474. 18 


Qnefita 


7 2 heighth of the Pole or Stile PR 42, FE: 


The firſt Scheme repreſenteth the declining reclining plane, 
paſſing by theinterſeQion ofthe Meridian and Aquator , Z G 
being the reclination 32 d.11', and Z = the diſtance of the E- 
quinoCtiall from the Zenith 5 1 d. 32', The ſecond fort cutteth 
the Meridian at O betweene the Zenith and Aquator, asdoth 
the circle B H A repreſenting the plane in the Diagram of the 
next Chapter marked with V. The third ſort cutteth the Mert- 
dian alſo at O betweene the Horizon and X-quator, as doth the 
circle B F Arepreſenting the plane in the Diagram of the 20 
Chapter marked with V I, 

From C in eaeh Diagramupon the line C Z D, repreſenting 
the Azimuth,croſling the planes at right angles, ſet of the quan= 
titie of each ſeverall reclination , ſo ſhall you have potats at Q, 
repreſenting the poles of .cach reclining plane, ſo much raiſed 
above the Horizon NE SW, as the reclining planes are falne 
from the Zenith Z,from whichpoints at Q you muſt draw the 
arches of great circles (whoſe centers or poles will be alwayes 
In theperiphery of the planes) paſſing thorough the pole of the 
WorldP, and croſſing the reclining planesat right angles in R, 
and theſerepreſent the Subſtiles, or Meridians of the planes, as 
thelines N P,Z Sdoe the Mcridians of the place,and PR in cach 
of them giveth the heighth of rhe pole or ſtile above theplane, 
anaR z, RO, thediſtanceof therſubſtile and Meridian, A z. 
A O thediſtance between the Meridian and Horizon,and x PR, 
OP R theangle betweene the two Meridians , all which foure 
things muſt be found as in the former declining reclining they 
were,before you can proceed to calculate the honre diſtances or 
frame your Diall, "6 
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And herealſo as in the 14 Chapter, there may be a reclins. 
tion found to any declination given, and contrary, by which to 
fit the plane howſoever declining , to paſle thorough the inter. 
eftion of the Meridian and Zquator, whoſe fiile 1s alwayes 
erpendicular to the Meridian, therefore in the'triangle Z G z, 
orrather in the quadrantall AD G, let SD the declination be 
iven, andS z the complement of the elevation , or heighth of 
She EquinoGtiall above the Horizon, to find D G,whole comple. 
tment is G Z thereclination defired, 5y che ſecond of the ſixt caſe 
of R, $S. Triangles. For 


Logar, 

es the ſine of A S the complement of the 304 &' 9698.97 
declination - —— 

Ts to the tangent of $ «, the comple.of the eleua, 38 28 ggo0.o0g 
So 15 the whole fine AD 90 0.10000.00 


To the taugent of D G 57 49 10201.12 

| Therefore G Z the complement thereof 3 2d. x 1. the recli- 
nation deſired , the contrary partis performed by the converſe 
of this : for > | - 


Logar. 
As the tangent of GD 579.49 10201,12 
Ts tothe tangent of a $ 38 23 9g900,09 
So ts the whole ſine D A go oO 10000.00 
To the fine of $ A 20 o g698.97 


Whoſecomplement $ D is 69d. the declination defired, 


The eArtthmetscall { alculation, 


Now therefore for the declining polar, that is, whoſe recl1- 
ning plane paſſeth by the interſe&ion of the EquinoQall and = 
Meridian (as in the firſt Diagram) you muſt ſeeke Az, the di- 
AMtance of the Meridian N Z S from A the point of the Horizon, 


+ by whichthereclining plane paſſeth , which may be found by 


three {everall Triangles, either A Sz, or the verticall Z G z, or 

the quadrantall S Z D. Sb. 

Inthe firſt you have AS 30d.0, and Sz 36d.28', and "hg 
2 right 
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W rightangleats ; to find the baſe A z, by the nimb Caſe o FRY. 
. Triangles, | 


In theſecond you have the baſe Zz 514d. 32'and ZG 324. 
11, and the right angle at G; to find theſideG #z, by the ſecond 
| of the third Caſe of R.S. Triangles, ; 
Or laſtly in the quadrantall S Z D you havethe angle Z 60 4. 
| whoſe meaſure1s DS the declination, and you have Z G 32 d. 
11' the reclination, and the quadrantall Z D god. to find G x, 
whoſe Complement 1s A z 6y the firſt of the fift caſe of R.S.Tr5- 
angles, the thing deſired, For CE -- 


L- Logar, 
1 As the whole fhe Z D © 901, &, 10000,00 
25 ro the tangent of D $ 60 © 10238,56 
Sos the fine of the ſide Z G 32 11 9726.42 
To the tangent of G & 42 42 X9964.98 


Whoſe Complement 47 d. 18. 18 A z the diſtance of the 


Meridian from the Horizon. | 
2 In the quadrantallz R ÞP, you muſt find R P, which is the 


heighth of the pole abovetne plane, by the firſt of the ſixteents 
Caſe of R.S. Triangles, For 


- = Logar, 
es the fine of 4 G 43% 42 9831-33 
Is to the whole ſine 4 R 90 © 10000.00 
Sou the tangent of G Z 33 11, 9798.87 
To the tangent of R Þ | qz 52 9967-54 

Or againe in the ſame triangle,6y the firſt of the fifteenth caſe. 

Logar. 

As the ſineofe Z 519,32 9893.74 
Is to the whole ſineaP 90 © 1c008.00 
So the fineof ZG © 33 17 9726,42 
To the fine of P R 463 a 9832.68 


3 Becauſe in all decliners (whoſe planes paſſe by the inter. 
Fs a ſetion 
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{eRijon of the Meridian and EquinoGiall) the ſubſtile 1s perpen«- 


dicular to the Meridian, therefore you need not fecke x R the 
diſtance be;weene the Subſtile and Meridian, which 1s alwayes 
90 d, falling upon the 6 of clock houre. ” 


4.Laſtly,the arch z R which is the diſtance © 


fthe ſubſtile from \ 


the Meridian being god. the angleat P oppoſite thereto muſt 


| bealſo god, from whence it followeth, that every two honres 
equidiſtantfrom the 6 of clocke houte in EquinoRiall degrees, 


 ſhallalſo have the like diſtance of degrees in rheir arches upon 
the plane, and fo one halfe of the Diall calculated ſerves for all, 


as you may ſee 1n the Table adjoyning, 


— —— 


l: 


Houres and | 4 - | The houre | 
parts from | all di- | Logarithmes arches on , Differ. 
the ſubſtile. | ſtances. | of tangents. the planc. | 

" — rn —— 
| Wt , 4 , * F 
LE |o 6 Sf | 
s 7.30} $952.12 To | S. T5 
F 5 7 115. 0] 9260.74 | 10.20 5, 2, 
. rs |22,39| 9449.91 | 15.44 5.43 
4 d 130. o| 9594.14 | 21.27 | 6) 
33 [37-3Þ| 9717-67 | 27. 34j%/ 7] 
| \ 6, AFO | 
| | | 

Ds { Uno- x : i Th "i C - 

cnn an Ai. | Logarichmes Ka jo Differ, 

the ſubſtile. | ſtances, j} of rangents, che plane. 
ERR T_T, 

3 | 9 |45. o| 9832.69 | 34. 14] - 20] 
| + [52.39 | 9947-71 [4t» 34| g >» 
2 +T0|60, © | IOO7I.25 | 49, 4L} 

\ | * |67.30|10215.46 | 58. 4o| 559 
x | 1 | 75, 0 | 10404,64 | 68, 30| 9 50 
. | + | $2,309 |10713,26 | 79. 3|10.33 
12 j12| 90, 0| | 20.  O| IO57 
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Wherein the Subſtile is ſuppoſed to ſtand upon the 6 of clock 
houre, being 90d, diſtant from 1 2, therefore place all thereſt 
| of the houres, as they are equidiſtant from 6 together,vz, 5 H, 
and 7.H. 4 H. and 8H, 3H. andg H. &c. and ſet unto them 
like EquinoGtall diſtances ; unto the Logarithmeticall tangents 
WH whercof adding the Logarithmeticall ſine of the heighth of the 
MW pole or ſtilePR above the plane which is 42d. 52 Logar,9832! 
68 (firſt tranſcribed into alooſe paper) you produce new Log: 
tangents, by the firſt of the fift Caſe of RS, triangles : whoſe 
arches are to beſet of by helpe of the chorde both wayes from 
the SubKile as hath been often ſhewed, for 


 Lopar, 
As the ſineof R P $ inthe greater go 4, © 10000,00 
Scheme of this ({, hapter RET SE ies 
Is to the tangeut of «KF 5 | IT © 9 428.05 
So 7s the ſine of the ſide Þ R 42 52 9832.70 
Tothe tangent of R 5 Io 20 X9260.75 


Which 10 d.20, is the truc diſtance of the fifth and ſeventh 
houre, and ſo of all the reſt. | 


The Geometricall projettion, 


The Table being prepared, draw the Horizontall line AC B 
neere about the middle of the plane paralell to the baſe repre- 
ſenting A Z B of the Scheme, in any part thereof, as at C make 
the center, and with the widett of 60 d. of the chord draw the 
circle ADB F, repreſenting the reclining plane AG B of the 
Scheme, from the Eaſt ſide of the Horizon at Adownwards for 

' the North part of the Meridian, or { more agreeable to the 
Scheme) from the Welt partat Bupwards, for the South part 
ſet of the diſtance betweene the Meridian and Horizon A Dor _ 
_ B F 474.18, te thoſe pricks draw theline F C D,for the houre 
of 12 from F Eaſtwards,becauſe the declination is W eſt;ſer the 
diſtance betweene the Subſtile and Meridian, which in all Di- 
als of this kind is 90d. and therefore falleth upon the houre of 6 
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- perpendicular to the Meridian,. 8 agreeable to the Scheme, in 
the things defired, viz.BF to Az,FGtozR,& CFroeZ xthe 
 Southpatrt of.the Meridian, falling betweene the Weſt part of 
the Horizon and Subftile. Now at the diſtance of 9o d.draw the 
line C G 6 for thehoure of 6 and Subſtile , ſet of from G each. 
wayes ( by helpe of thechorde ) upon:+thecircle;E G A D the 
| hourediſtances, as you. find. them- in the Table, v5z, for the 
| honres of 5 and 7, 10d.20', for 4and 8,21 4.27', and ſo of the 
reſt (bur paſt 8 you need adde none) ſo ſhall you have prickes, 
unto which ſtreight lines being drawnefrom the Center , the . 
true houre lines are given, Laſtly, from G either way ſet of the 
heighth of the ſtile GE 42 d. 52', and draw the line CE for 
the Axis of the World, which being erefed perpendicularly 0- 
ver the Subſtile C G 6, the Diall is prepared for uſe,and muſt be 
rectified by the declination and reclination proper to the ſame, 


i. 


3 £m = Ce _—_— _—_— 


Cnay, XIX. 
Todraw the bonre lines upon a North reclining plane, dechning 
Eaſt or Weſt, which cutteth the Meridian betwixt the Zenuh 


and E quinottiall. 


The ſecond Example. 


muſt be ſo placed upon the plane, that the ſtile 

may looke upwards to the Pole, neither can it 
9 . be expected that the plane being elevated a- 1 

bove the Horizon Southward , ſhould atall times of the yeare__..... 

be enlightned by the Sunne, except it recline ſo farre from METEEY 

Zenith asto interſe&t the Merdian betweene the Tropique of 

2 and Horizon , this plane therefore reclining but 16d, from 


the Zenith,and declining 60d.cannot ſhew many - ” 
in P — the 
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- the» isin his greateſt Northerne declination, partly by reaſon 
of the heighth of the plane above the! Horizon, and partly.by 
rea{on of the great declination thereof, kiding the ©. beames 
__ -— Morning houres , which may therefore he left out 
as uſelcfle. | -H | 3 


| ] The Demonſtration. 3 
_ In thisſecond varietie , the ® x29 repreſented by the Circle 
BH Acutreth the Meridian at © betwtene the Zenith and © - 
quator, Z Hbeing thereclination 1 6d. and Z z the diſtance'sf 
the £&quator from the Zenith 5 1 d, 32'. as aforeſaid. Fo, 


- Elevation of the pole P N 5rd. 2" 


"© Declining WetNC Go e 
 JNorth 


Reclining ZH I6 9 


CI the diſtance ofthe Merid. & horizon A O 644.29' 
2 the heighth of the ſtile P R-——-——39 59 
Wvehta 3 the diſtance of the ſabſtile & Merid. OR 64 26 
_ _ K&4theangleberyweenthe two Merid, OP R 76 - O 
\S 
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As it theformer ſo in chis Diall the ſame foure things are a+ 
0zineto be found before you can calculate the heure diſtances 
thereof. The firſt is A O inthe Scheme adjoyning, which is the 
diſtance of the Meridian from the Horizon, The ſecond is P R 
the elevation of the ſtile 6r pole above theplane AORB, the 
third isO R the diſtance of the Subftile or Meridian of the plane 
PR from the Meridian of the place NP S. And laſtly, the anple 
0 P Rbetweene the two Meridians aforeſaid, 


The eArithmeticall calculation. 


You may find the diſtance A 'O betweene the Meridian and 
Horizon by three ſeverall triangles, as in the former, butbecauſe 
you may uſe the ſame worke in all three varieties , therefore in 
thequadrantall Z S D you have Z H the reclination given 16d. 
0and Z D theradius 90d. and D S equallto CN the declina- 
tion 60 d, ta find H O, whoſe complement is A O deſired , by 
the ſecond of the fift Caf$ of R,S, Triangles, For 


| Logar, 
; Ls the whole fine Z D ... 90 & © I0090,00 
Is tothe ſine of the reclination Z H 16 © 9g440,34 
So is the tangent of the declination DS' 60 © 10238.,50 
To the tangent of HO 25 31 9678.90: 


' Whoſe complement A O 64d. 29, 18 the diſtance of the 
Meridian and Horizon. 3 
2 Intheſametriangle you may firſt find out ZO by the [= 
Cond of the eighth (aſe of R.S, Triangles, For 


| ; Loga. 
As the ſte of the declination D S 604, © 9937+53 
}s to the whole fine $ Z : ' 90 © 10090 0g 
Sor the ſineof the de HO 25 31 9634.35 
To the ſine of the ſide Z O 29 0 2099-73 


'Þ 2 Y t& 


COD RISE ID a ” _ - 
YN REP - hd cond TT oo—m— PLE. es and CES W TRAINEES. 3, 


nets 
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 VntoZO 29d.50/.addeP Z 38d. 28. ſo have you the Whole 
fide PO68(d., 18. | 

3 In the triangles O Z Hand O PR you may find out pp 
by the 15 . of thefourth of Regiomontanus , or the ſecopd of i}, 
fourth of Finkins, becauſe theſines of the Hypotenuſas and per. 
pendiculars are evermore proportionall each to other, For = 


Logar, 


Als the fine of the hypotenuſaO Z 2994, 50' 0303.22, Arcony|, 
Ts tothe ſine of the perpendicn, ZH 16, 0. 9440.34. 
So 24 the ſine of the hypotenuſaO P 68, 18, 9968.07. 


To the ſine of the perpendicu, PR 30, 59.X9711.63, 


Or if you will in the verticall Triangles AO Sand PORhy 
the ſame axiomes. 


As the fone of O A 644, 29' 0044.58.ar 
Ts te the ſincof $ «A 30. © g6o8.07 
So 75 the ſineof O R 68 18 9968.07 
Tothe fineof Þ R 30 59 X9711.62 
Which 30d. 59. is the heighth of the ſtile or pole above the 


plane. 
4 Intheſametriangles, you may finde R O by theſecond | 


Axiome of the fourth-of Pr:/es , becauſe the fines of the baſes | 
and tangents of the-perpendiculars are likewiſe proportional 
each to other, 


Lopar:; 


As the tang, of the perpendicular Z H 16%,0, 10542,51.Ar,c0, 
1s to the ſine of the baſe H O 25 31 9634-25. 
So the tangent of the perpenaicn,P R30 59 9778.49- 
To the fine of the baſe R O 64 26 29955425, 
Or intlic ſame verticall triangles, 


As 


—_—— 


XY Ww 


theſecond of the 14,15, 07 16 caſes.of R.S, Triangles. Fog 
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| | Logar, : 
4; the tangent of $A god, ©, 1023855 
Js ro the ſine of $'O | .-- 00 10 IS 
So 5 the tangent of PR 30 59 9778.48 _ 
To the frneof R O 64 26 29955.,29 
Which 64 d.2 6. is the diſtance of the Subſtile from the Me- 


ridian NZ S, oy | | | 
5, Laftly, in the ſame triangle you may find the angle P, 4y 


Logan 
As the ſine of Þ R — 304d, 59 9711.62 
I: tothe ſineof PRO © 90 © 10000.00 © 
So 15 the tangent of RO 64 26 10320.20 
To the tangent of R PO 76 10 1060857 © 


' Which 76d, 10. 1sthe angle O P R betweene the two Mec- 
idians, by helpe whereof wee proceed to calculate the houre 
liſtances as followeth. 

Now then you may conclude (as in the former) becauſe the 
gle betweene the two Meridians is 76d. 10'. and that 75 9. 
$5 houres diſtantfrom the Meridian, the ſubſtile from whence. 
jou ſet all the true houre diſtances muſt fall betweene 7 and 6 
ofclocke, reckoned from the South, which in this example 1s 1 2 
t midnight,andrthat of the afternoon houres, becauſe the plane 
tkelineth ſo farre Weſterly , and is elevated ſo high above the 
Horizon, that the Sunne ison the inclining or backe ſide of the 


J'lane all che forenoone; begin therefore the Table at 7 of clock, 


ndend itat 6 Zap in the example. 


PÞ #z':' : Houres 


" | 


206 The Artof SHADOWWES. 
Homes aud Adina. Rp | Thehoue | . - : | 
_ | parts from | Qiall di- | Logarithmes | arches on Differ. ' 
| the ſubliile. | RNances, F} oftangenes. the plane. | i 
- 22 2 22 | RO pn 2 
T8. 1 "£8 
7|5 | 1-10} $020.51] 0.36| __ 
« | 5 | 8.40| 8894.69| 4.29 uy 
g A 4 | I6.10Þ QI 73.87 8.29 | +52 - | 
- [5 [23.49] 9353-38] 12.43| 7:4. | 
| 9|3 [31,10] 9493-26| 17,18 
[ a IP | 38.40 9614.93 22,2Z | 49 | 
| IO 7 46.10} 9729.32 | 28,12 Ao | 
"14 XNACt 9845.06 | 34:59 0 6 
17 | 7 {6r.10| 9970.86 | 43,5 
' © | 3 68.40  TOII9.,95 | 52,49 AY 
| T2 112 |76,10 | 10320. 27 64.26 we | 
| LY: mw? 10666. 35 | 77.50 | TT 
FE | 
Ws : ui = ; cbo L 1 
pane racy Fel Logarithmes LE; Differ, | 
_ the ſubſtiſe, | ances. | of tangents, | the plane, Eg? 
A ens | EC os rs | Inner 
d »" | 4 = g-* 
"1 [6 o|[8756.o7 |. $.16 Obi 
6 | 6.|13.50| 9102.99| 7.13 IT | 
« | 3 |21.20| 9303.31} Il.22 | mw 
5 | 7 |28.50| 9452.49 | 15.49 | "et | 
. | } [36.20 | 9578.19| 20,44 | C2, 
4 | 8 |43.50| 9693.93| 26.184 TDs f 
. | = | 51.20 | 9808.43 | 32.45 7.39 
3 | 9 |58.50| 9930.00| 49.24 | 77 
” = 66.20 F0069.838 | 49.35 17 2 
2 | 10 743O 10249.39 | 60.37 12.53 
22 © | $1.20 1T0528.57 | 73-30 14,14 
Fr [EF-52) PEN 87444 | 


*® - 


Wherein becauſe 75 d. the EquinoQiall diſtance of 7 and 5 


of clocke-islefle then the diſtance of the Subſtile from the Me- - 


ridian, ſubſtra that out of this, there remaynes I d. 10'.for 

the diſtance ef 7 and 5 of clocke from the Subſtile:unto which 

by continuall addition of 7 d, 30', for every halfe houre,and 1 5 

d. for euery houreunder 90 d. make up that ſide of the Table 
ending with 12 H, £ ;.vn theother fide of the ſubſtile is 6 of 
clocke , whoſe EquinoRiall diſtance from the Meridian is go 
degrees therefore ſubſtrat 76 degrees 10' the diſtance of the 
ſbſtile , from the Meridian out of 90d. ſohaveyou rx 3.9. 50. 
for the EquineRtiall diſtance of 6 of clock from the fubſtile,unto 
which againe by continuall addition of 7 d. 30'; for thebalfe 
houres, and 1 5 d. for the houres under 90 d. make up the other 
fide of the Table, ending with 1 and 111 of clocke. This done by 
the firſt of the fift caſe of R, $. Triangles, adde the Logarithme- 
ticall ſine of the heighth of the ſtile PR 3od. 59. (firſt tran- 
ſcribed into a paper) unto the Logar: tangent of every houres 
Equino@iall diſtance, and you beget new Logarithm: tangents, 
whoſearches are the true houre diſtances deſfired,as I have often 
ſhewed, and were now needlefle to repeate. 


The Geometricall projection. I 


Draw therefore the Heorizontall line A CB towards the 
middle of the plane , paralell to the baſe repreſenting A Z B of 
the Scheme of the 1 8 Chapter:in any part thereof, as at C place 
the center of the Diall , and with 60d. of the chorde make the 
w_ ABD, repreſenting AHB the reclining plane in the 
Scheme aforeſaid, from the Eaſt point of the Horizontall line A 
(dy helpe of thechorde) ſet A 12, 64d.29', thediſtance of the 
Meridian and Horizon, for the North part of the Meridian, bur 
from B the Weſt part of the Horizontall line ( more agreeable 
with the Scheme) upwards to Dfor the South part thereof, and 


draw theline D C 7 2, for the 1 z'of clocke houre : from D to E 


ſet 64 4.26", the diſtance betweene the Subſtile and Meridian 
Eaſtward from it, and draw the pricktline C E for rhe Subſttle; 
{0 ſhall BD of the Diall agree with AO of the Scheme, D'E 
with OR, and CD the houre of r 2 all berweene them,as dorh 
Z OSthe Meridianinthe Scheme, Fram the point EF of he 


Fa, 


P - | 113 « 
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1! 


= A 7 PIE MR ET 


North declning Weſt 604, O', 
Reclining 1. 0. 


fabſlile ( by y belpe of the chord) ſet the true houre diſtances both 
wayes upon the circle A B D, as you find them in the Table, Vn- 
to every prick draw ſtraight lines from the center C,ſo ſhal you 
have all the houre lines proper to thisplane, Laſtly, Hoch E 9 F 

et 


” | ond Mes Stet 


| _ welt 95, v9 T ous POL ET mL : | 
- The Arfof SHADOVVES -£6 
: . ” +4 © por : 


ſet of theheighth of the ſtile 30 d: 59',-amd'draw-the line*CF, 
repreſenting the Axis, which being erefted atrightangles;over 
the Subſtile C E, muſt pointupwards to the North: pole, ſo is 
the Diall fit for uſe,and muſt be placed according to the declina- 
tion and redclination of the plane.  .., 


OI I Lg + We w_ ad 
— 


es mand 


CHaP. XX 


To draw the houre lines upon a North reclining plane, declining 
Eaft or Weſt, which cutteth the Mextatan betwixt the eAqua- 
tor and Horizon, | 


The third Example, 


> OAPI Oh He laſt varictic of the Greclining decli- 


. NJ. ners is when the reclining plane inter- 
2 1edeth theMeridian betweene the AX- 
quator and Horizon : as inthe Sckeme 
15 repreſented by the circle A F B, recli- 
ning from the Zenith Z theangle Z A F 
54 d. and becauſe this plane declineth ſo 
farre Weſterly, and cutteth the Merj- 
dian above the Tropique of *2,rhe-Sunne fhall ſhine,both upon 
the inclining and reclining part thereof, according tothe decli- 
nation of the Sun, asby the ſeventh propoſition of the 34 Chap- 
ter more at large doth appeare. Fre, 


The Demonſtration, 


Now as you have done before, fo muſt you in this Diall alſo 
(the making whereof differerh little from the former) ſeeke the | 


foure things before mentioned', ere you can calculate the houre 
diſtances 3- viz, Firſt, the diſtance of the Meridian and Hort 


- 2on, Secondly, the heighth of the pole or ſtile above the plane. 


Thirdly,thediſtance of the Subſtile from the Meridian;and [all 


ly, 


al Y-4 ns wo "ho « 
iS, 1 EN Wo EF. 
by # Ls 7 o o *ſ It 

£5 ©. 4 _—_— ” 3 ps + » < 


—— 2 


&tof SHAD ovyEs: 


The re 


-Elevation of thepoleN P 
\ Declining Weſt NC 604, 0: 


514,32; 


Data 


North 


Reclining ZF 54 o: 


{1 diſtance of Meridian and Horizon AO 354,21 
, 2 the heighth of the Stile PR 54+. 43 


-1:. SOR. 122.19 
QuefteF3 diſtance ef ſubſiile andMeridian 4 XR 2gens 


OPR 11 8.13 
C4 angle berween thetwo Meridians XPR Gr. 47 


. Wherein A Oi is the diſtance upoR the plane of the. ara 
A, 


®, 
I F 
a> p % 
, A 
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| NZS from the Horizonart A; Secondly, RO is the diſtance 
upon the plane of the Sabſtile Q P R from the MeridianN Z S. 
EK Thirdly, P R is theheighthof the pole or ſtile above the recli- 
| ningplane AORB: andlaſtly, OPR the angle betweene the _ 
 ewo Meridians, QPR of the plane, and NP S of the place. = 


The Arithmetscall calculation. 


Firſt therefore (as afore) in the triangle D-Z $, having the 


fide Z F,the reclination 5 44.and the quadrantall ſide Z D go d. - 


and the {ide DS thedeclination, (which 18 the meaſure of the 
angle D ZS 60d, you may by the ſecond of the fift Caſe find out 
the ſide O F by the triangles S Z D, or O Z F, the complement 
whereof 1s AO thething deſired, For | o 


Logar. 
1 As the whole ſue ZD © 904d,o' 10000,090 
Ts to the fine of the ſide Z F 54 & 9907.95 
So the tangent of D $ 60 © 10238.56 
Tothe tangent of FO 54 39 10146.51 


Therefore A O the complement thereof 35 d. 31', is the di- 
ſtance of the Meridian and Horizon. 

Secondly, Inthe fame triangle you may find Z O &y the ſe- 

coad of the eighth Caſe. For 


Logar. 

As the fine of the declination D $ 60d, o© 9937-53 
1s to the whole (ine $S Z 90 © 10000.00 
Soz the fineof F O 54 - 29 9910.59 
Tothe fineof Z'O | 70, 2 9973,06 


 Adde ZO 70 d. 2'unto PZ 384.28. ſo you compole the _ G 
whole lineP O 108d, 30', whoſe complement to 180d, is PX Þ 


714.30, | 
girdly, In the ſame triangle O PR you may find P R Sy he 
I » = fpfteemth 


COP I ONE OO Sg, : * FI 


9 a a Ca. att” ae. 4 


Cee i CE ana aa Omer rerun gr ory ne yo - 
"" = - 
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ffeeenth of 4 Regiomontanus', #r ſecond of 14 Finkins , becauſe 
the Hypotenuſas and perpendiculars are proportionall each to 
other, For 


Logar, 
A's the ſine of the Hypatenuſa O Z 704, 2'. 0026.92 iſ 
25 to the ſine of the perpendicular Z F ' 54 © 9907.96 
So zs the fine of the hypote: P Xthe cople:of PO 7% 39 9976.96 
T 0 the fine of the perpendicular Þ R 54 43-19911.84 
Which 549:43/. is the heighth of the ſtile or pole above the 


plane, 
Fourthly, In the ſame triangle you may find R O 6y the they. 
teenth of 14 Finkius , or ſecond of 4 Pitifcus : but becauſe R O 


| andPO bebothof them more then quadrants, continue the 
1 ſides R B and P Nunto X, and find the Complement of R Oin 


the trangle PR AX. For 


— Leger. 
As the tangent of the perpendicular Z F $549, O, OB861.026 . 
Ts to the fine of the baſe F O 54 29, 9910.59 
Ss ts the tang of the perpeaicular P R 54 43 1015021 
To the fine of the baſe R X 56 42 89922,06 


Which 56d. 42', or rather 123 d, 19. the Complement 
thereof is the diſtance of the Subſtile and Meridian , reckoning 
fromthe South, R Obeing more than a quadrant, and R Xthe 
fidefound, which is the diſtancefrom the North. - 

Fiftly and laſtly,in the triangle O P R you may find theangle 
 atP,oorrather in the triangle R Þ X, which 18 the Complement 
thereof, by the ſecond of the 15 or 16 Caſes, For 


= | Logay, 

* efsthefineof RP 544, 43 og11.94 

| Ts tothetangentof RX 56, 42 Torn.51 
Sou the fineof PRX 90 © 10000,00 | 
To the tangent of RP X 61 | 4$ 10427007 


 _RPXbeing614.48'. is the angle eounting from the North, 
therefore O P R the complement thereof to 180 d, which 


1s 
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is 1189. 12. the angle betweene the two Meridians reckoned _ 


54.17 | 10055.10 | 48.38 ape 
61.47 | 10182,21 | 56.41 MR, 
69.17 | 1033412 | 65, 8, bs 
| 76-47 | 10541.94 | 73.57 | | 
| 64-17 } TogtT.37 | B26 SF] 


from the South, 

- . 

Y - (onkem_ wp TE, — | 
| Houres and | Equino-: | Logarichmes Hoare ar- | - ( 

res from ; __ 2 tm: 

the ſubſe "nl © goon eager Diter. | 

[ TE | 

+ 3 1.48 8405 O09 IT 627 6 

* |r | 9.18 | 0125.24 | 7.36 Te | 

3 | 9 16,48 9391.27 | 13.50 | = | 

lo Ty 24.18 9566.18 20.13 | 5 3 ; 

2. 110 | 31,48 |. 9703.95 | 2650| 27 | 

« | z | 39.18 | 9824.59 | 33.44 0:1 | 

x | | 46.47 | 9938.89 | 40.59 | - ; 

: 


Pt 


bay 
d3 

waMyj. Pay {1 .. Md 
i 


a <.c-t8 i... cot. 
— i * 2 


PAY 
Ro —_—_— 


| poockom | Gag. affine? | Hera” (oi, | 
| theſubſtile, h— OO hens. | | 
ER LEM_ we 7 
Ll + 1s 5-43 | 8912.30 | 440 | 
| 5. [7 | 13-13 | 9282.63 | 1980 519 
- |; | 20.43 | 9489.56 | 17. 9 exo 
6 |6 28.13 | 9641.46 | 23.39 —_ 
|: | 35-43 | 976858 | 30s | ©4© | | 
7. |F | 43-13 | 9884.79] 32080 © 
; : 50.43 | 9999.05 | 44.56 end; 
8 {4 | 58.13 | xox19.71 | F308 ego | 
| * |» '| 65,43 | 10257,59 | 61. 4 | $.29 
| 9 >|3 | 73-03 | 10433, 40| Co 220 
- |: | 80.43 | 10698.43 | 78.41 | © 6 | 
10 i23 j 83M me 


11418,58 $7.49 
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_ Theſe things prepared, I proceed to make the Table for 
the houre diſtances from the ſabſtile ., wherein conſidering 
that the angle P betweene the two Meridians containeth 
118 degrees. 13'. reckoned from the South , whereof 1 05 
degrees is anſwerable to ſeven houres from the Meri- 
dian, you may conclude, that the ſubſtile of this Diall de- 
clining fo farre Weſt , muſt be placed betweene the ſeventh 
and eighth houres , reckoning from the South part of the Meri. 
dian, or betweene the fourth and fifth houres from the North 
part thereof, wherefore begin the Table either with 5 and 7, 
or with 4 and 8, as in this example 1s done, Vnto thefe houres 
and parts firſt ſet their EquinoRiall diſtances from the ſubſtile, 
which are thus found, Take 60d. the zquinotiall diſtance of 
foure of clocke from the Meridian,out of 61 d, 47', thediſtance 
of the ſubſtile from the Meridian , and reſerve 1 degree 47', | 
forthe diſtance of 4 and 8from the fubſtile, unto winch con- 
tinually adde 7 degrees 30o', for the halfe houres, and 1 5 de- 
grees for the whole houres under 90 degrees. The other fide of 
_ the Table may be made up by the Complements to theſe, be- 
cauſe the arches of every fix houres 90 d.diftantin the Aquator, 
are Complements each to other : this being done, take the Lo- 
garithme of 5 4 d. 4q3'. 9911.85, theheighth of the ſtile, into a 
ptcce of paper, and adde it continually unto the Logarithmeti- 
call tangents of 16 d, 47, 9479.43. for 3. andg. of one fide of 
the ſabſtile, and of 73d. 13', 10520.57. for 9. and 3. on the 0- 
cher ſide of the ſubſtile,6 ho.diftant from the former:{o hanie you 
new Logarithmeticall tangents, viz, 9391,28:and 10432,41 
which ſer downe in the Table. Laſtly, ſeeke theſe new Loga- 
rithmeticall rangents in the Canon , ſo ſhall you find x 3 d. 50'., 
and 69d. 43,, the truc houre arches uporl the plane , which by 
helpe of the chorde are to be {et both wayes from the fabſlile,as 
hath beene often direted heretofore. a 


| 


The Geometricall projeflion. 


' Now then to make this Diall upon the plane, draw the Hort- 


zontall line A CB about the mjddle of the plane , paralel wo 
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_ baſe; & repreſenting theline AZ B of the Scheme. In any part iſ 
thereofas at C place the center, and with 6e d, of the chorde 
makethe circle AD FB,repreſenting A F B the reclining plane: 
in the Scheme , from the Eaſt point of the Horizon B untoG 
for the North part of the Meridian,or (moreagreeable with the | 
Scheme)from theWeſt point A unto O for the South part ther. 
of ; ſet the diſtance of the Meridian and Horizon 35 d. 31, and\lW 
draw theline O CG for the houre of 12., From G the North | 
part of the Meridian ſet the diſtance R Xbetweene the ſubſtile 
PR and the Meridian NZ Sunto D, which is found tobe 564, 
41', orfrom the South part O, the Complement thereof 1 2 3 d, 
I9'. and at theend of either account draw the prickt line.CD 
for the ſabſtile ; ſo ſhall AO of the Diall agree with A O of the | 
Scheme, ODwithOR, and O CG the houre of 12 ſhall fall 
between A & D, asdorth Z O $ the Meridian between AandR_ 
in the Scheme; which done,ſet the true houre diſtances by helpe 
_ of thechordeboth wayes from the ſabſtile at Dupon the circle 
OFDG,as you find them in the Table, v3z, 10 d. 5 1, for five 
of clocke, 524.48". for 8 of clocke, 1 d.27'. for 4 of clocke , 
73d. 57; for 110f clocke, and ſoof the reſt; from C draw 
ſtreighr lines to the pricks afore-ſaid, which ſhallbe true houre | 
lines defired, 

Now though all the houres after 8 of clock at night areuleleſle, 
yet becauſe their diſtances from the ſubſtile drawne thorough 
the center Cto the oppoſite part doe give the houres wanting 
before noone, you may pricke them out for that uſe , but draw 
no lines to them; laſtly from D to F ſet the heighth of the {itle 
PR 544. 43. cither waycs,and draw theline C F,repreſenting | 

_ theaxis of the World : Let C F be erected perpendicularly over 

the Subſtile line C D, with the ſide C F looking upwards to the 

North pole,ſo is the Diall fitted for aſe ro the North declining 

plane 60 d. Weſterly;reclining 5 4 d. on 

___ And thus have you againe at one worke (as hath beene often 

 faidheretofore) made foure ſeverall Dials, viz. thisfor one, and 

his oppoſite South declining Eaſterly 6 © d. inclining to the Ho- 
rizon 36d, : asalſothe North declining Eaſterly 69 d. recli- 
ning 54d. and his oppoſite South declining Weſterly as _ 

| is _ nci= 
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inclinin tothe Horizon 36d, onely eurning the Dials up and 
unns, and all, and changing the figures of the houres for 
Hrenoone and afternoone , as the nature of the Diall or Plane, 
and very reaſon it ſelfe will ſufficiently direct you. And thus 


having With all kind of Recliners, I will next ſhew how the In- 
cliners may be drawne out of them, 


tha 
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Cuar, XXI, 


Todraw the howre lines #001 any incliwng plane oppoſite 4-2 
to the dirett reclining; 


no Ar LL diret Recliners-are of two forts , eith& 
BS North or South, or Eaſtand Weſt;in the fir(t 
ſort, the reclination is part of the Meridian, in 
the ſecond ſort it is part of theprime verticall, 
or Azimuth of Eaſtand Welt, contained be- 

|  tweene,the Zenith and the plane , and ſach as 

the Recliners are,ſuch are alſo the incliners oppoſite unto them, 
the one being the upper face of the planereſpeRing the Zenith, 
the other the nether face thereof looking downe to the Nadir, 
and varying indeed nothing at all one from another, but in con- 
trapoſition of each part, as in the Diagram adjoyning will ma- 
nifeſtly appeare. Wherein let Z H NM be the Meridian, Z O N 
the prime verticall, H D M the Horizan, 4 QD z the Equi- 
noftiall, PO Sthe axis of the Warld, P the North pole, S the 
South pole, Z the Zenith, and N the Nadir, ROI and AOB 
two reclining planes, the one reclining lefſe then'the North 
pole, the other more; R DF, AD B rwo incliningplanes, the 
one inclining leffe then che South pole, the ather more, the np- 
perface inthe reclinersreſpetingthe Zenith Z , as the nether 
ace in the iticliners doe the Nadir N as aforefaid, Now as the” 
North pole P, or.rather the ſemiaxis Q P 1s elevated above the 
reclining plane A O the angle P Q A, fois the South poleS, or 
rather the femiaxis DS, depreſſed under the inclining part of 
that plane B D the angle $ D B,equall tothe former; but inthe 


CL — --" oinex 


other example asR Dthe inclining face of the plane RDI is 
elevated above the Northpole P,fois O 1, the reclining face of 
R O1, a pony under the South pole S, with like and equall 
angles at the center;from which analogie you may conclude, the 
Dzall made to the one face of the plane will ſervefor the other, 
- and the heighth of the ſtileto the one, 1s the ſame to the other, 
ſeeing both faces of the planes have like reſpeR to each pole,on- 
1y turning them up and downereſpeRtively to their poles, w:z. 
where the ſtile of the reclining plane reſpeceth the North pole, 
the ſtile of the oppoſite the inclining plane muſt reſpe&t the 
South pole; as in the firſtexample , which is contrary in the ſe- 
> | 7: 


WY has. tint 
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fnchning North aud South, 


Therefore to make any of theſe inclining Dials out of the re. 
diners North or South as for example to the South plane of the 
twelfth Chapter reclining 55 degrees doe but draw the houre 
- lines of therecliner, ſtile and all, (which in this example is the 
Diall above theline 6 S 6) thorough the center to theoppoſite 
art ; and ſet the ſame numbers of the houres on the right hand 
of 12 jintheggcliner (which is the Djall under 6 N6) that were 
on the left hand in the recliner, and contrary as the example 
doth plainly ſhew , and let the axis NC looke downe to the 
South pole, as $ D dothup to the North pole , and the Diall is 
finiſhed to theplane inclining 5 5 d, as was defired ! Adde one- 
ly this remembrance, becaule the houres of the Incliner arc here 
| drawne upon the ſame plane with the Recliner, which doth 
properly belong to theunder face thereof, therciore perforate 
__ ,and draw the ſame houres againe on the contrary fide 
thereof. 


Inclining Eaft and Weſt. = 


In the reclining Eaſt and Weſt, there will belittle difference 
from that which hath beene ſaid of the former : Firſt therefore 
inſteed ofthe Meridian ANS B in the North and South, draw 
the SubſtileB RSA in the Eaſt and Welt thorough the center 

to the oppoſite part, which done, you may either ſet on all the 
houre diſtances, by helpe of the chorde,as they lie in the table of 
the 1 1 Chapter) from the ſubſtile of rhe Incliner SR B, as yon 
form erly did from the ſubſtile of che Recliner SR A, changing 
the right hand houres into left, and contrary, ſo that theupper 
part of the Recliner may become the nether part of the Incliner, 
and the center S inthe Incliner, reſpefting the North, as in the 
Recliner it doth the South ; or elſe draw all the houre lines of 
the Eaſt Diall reclining thorough the center, as you did theſub- 
ſtile, and you haveat the ſame worke made borh tie Eaſt and 
Weſt inclining Dials 35 d. as you deſired ; on. Iy remembring 
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for the Weſt inclining to take the complements of the recli. 
ners houres to 12, and that but from three of clock afternoone, 
till eight at_night , becauſe; the Sunne forſakes the reclining 
partof that plane 33'aftertwo, and then ſhinesupon the op= 
poſite; Likewiſe for the Eaſt inclining both the hourelines and 
numbers ſerve as they ſtand; bur muſt be taken(by Or 
on the other ſide of the paper. From hence you may colle 
that the reclining Eaſt and inclining doe both receive the Sunne 
cogether at his riſing,and the reclining Weſt,and inclining con- 
tinue to ſhew the honres till Sunne ſetting : with this mutuall 
ſupply , - that as the Sunne in & forſakes the Eaſt reclining 
plane at halfe an houre paſt two afternoone,ſo doth it enlighten 
the Weſt inclining plane at the ſame time, andas it forfaketh 2: 
the Eaſt inclining plane at halfe houre after nine in the Mor + 
ning, ſo doth it ſhine upon the Weſt reclining plane at the 
fame time, and each paire of them together make up the whole 
diutnall arch of the Sunne conſidered reſpeAtively. 
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To draw the honre lines upon any inclining declining plane oppoſite 
to the reclining declining. 


ACP Havetormerly ſhewed the fix varieties, inci- 
; gx, dent to the reclining declining planes, and 
thinke itneedleſle to inſtance in them all, how 
PA Re the incliners may bee deduced out of them, 
 BRLAS2) confidering that one rule may be'given for 
Oc all, which willnot much differ from the latter 
ſortof the ſimple recliners, ſeeing thereclinarion is alike proper 
to each, and the deviation of the Subſtile from the Meridian, 
lo direRly agreeing in nature with the Decliners , that by the 
laſt precept of the ſeventeenth Chapter, they may be both redu- 

ced to one and the ſame. 
If therefore any reclining Diall be ſo inverted, that the upper 


| part thereof may become the nether , and after this inverſion 
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the right ſide of the recliner become the leftfideof the incliner, 
and contrary, the inclining Diallof the ſame declination ſhall 
be tramedout of thereclintng, or contrary; only the forenoone 
houres in therecliner will become the afternoone houres in the - 
incliner ; and againe, theafternoone houres of theupper Diall, 
the forenoone houres of the nether. To proove this rule to be 
agreeable both to reaſon and art (which may be alſo extended 
to all ſorts of Dials whole houre lines are not paralels ) I will 
deicribe twoſeverall Schemes , the firſt proper to the reclining 
d:cliner, the ſecond to the inclining Incliner, and ſet downe 
the parts of each, deduced out of its particular Scheme , that 
zt you wall be fo curious, you may by this example calculate any. 
declining imcl:ning Diall, though for concluſion I will inſtance 
12 drawing the one out of the ather, as I have done in the for- 
mer. | £ 
_ Ter the example therefore be to. make an inclining Daall to 
the nether face of the reclining plane of the nineteenth Chap- 
ter, which is a North declining Weſt 69d. reclining 16.d, The 
Arſt Diagram properto this example 1s taken out of the nine- 
teenth Chapter aforeſaid , wherein ( as there is mentioned ) 
NESV isthe Horizon,N P Z Sthe Meridian, F Z V the prime 
verticall, P the North pole elevated 5 1 d. 32'Z the Zenith di- 
tant from the pole 38 degrees 28', AORB the reclining 
lane, declining from the North part of the Meridian the arch 
N C 60 degrees and reclining upon the azimuth, croſling the 
baſe at right angles, the quantity of Z H 16 d.o', the pole sf the 
reclining plane ſo much elevated above the Horizon at C,as the 
jane itfelfe reclineth from Z. Now there arc foure things to 
be found our, (as in the ninetcenth Chapter more at large doth 
appeare) before you can make the Dill v/z. «LO the diſtance 
of the Meridian and Horizon , PR theheighth of the Pole or 
Stile above theplane, R O the diſtance of the Snbſtile'and Me- 
ridian , and the angle O PR betweene the two Meridians. 
\Vherefore', | = oo rn 2 þ 
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As the fine of Z D 90 4 > 1 As the fine of $8SD 60 a. O', | 
To the tangent of D $60 o Totheſineof SZ god, =o 
So is the fneof ZH 16 o Sow the fineof HO 25 31 
To the tangent of HO 25 37 the fine of Z 0 29 50 
Complement AO 64. 29 eMddeZ P 98 20 

| Meridjan and Horizon, FN @'L - +3: 08" 20 
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Thirdly, Fourthly, 


eAs the fine of ZO 29 d,.zo; As the tagent of. Z H 164, O'. 
Totheſineof ZH 16 o Totheſimeof HO 25 31 
So is the ſueofOP 68 18 Sowthetang.of PR 30 59 
To the fiueof PR 30 59 Tothefineof RO 64 26 


Hetghth of the Stile, Diſtance of the Subſtile and 
, AMersdian, 
Fiftly, 
eAs the fine of P R 30 4. 59, 


To thetangentofRO G64 26 
Sou the ſineof P RO 90 © 
To the tangentofRPO 76 10 
Angle of Meridians, | 


Theſe things being thus found , you muſt proceed as in the 
'ninteenth Chapter, both to calculate the houres, and to make 
the Diall. 
* Tocalculate the incliner arithmetically to the oppoſitepart of 
the ſame plane, which is repreſented by the ſecondDiagram,yon 
muſt remember, thatthe plane continuing the ſame to both, the 
difference berweene them is, that the recliners is the upper face 
thereof, reſpeQing the Zenith , and the incliner the nether face 
looking downe to the Nadir ; wherefore againe make thelike 
Scheme to theformer , but turned the contrary way, and in all 
things reſpeRting the contrary part of Heaven,therein AROB 
ſhall repreſentthe inclining plane, Z the Nadir , P the South 
pole, S D the arch of declination 60 degrees from the South 
part ef the MeridianarS, & incliningupon the Azimnth D Z C 
the quantity of ZH r64egrees O P partof the Meridian under. 
_ thetarth between the plane and the South pole,and Quhc pole 
_ of theinclining plane, ſo much under the Horizon at D,as'in the 


t 
,A 
recliner it was above itat C : and generally in all things like to 
the former, but in contrapoſitton, therefore the 2 «eſta of the 
{fecond Scheme can differ nothing from ths firſt, when as - the 
grad 0 Le wa 0 LEO ” oo | ata 
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Data thereof doe agree, yet to avoid all (cruple, you ſhall fe 
Wie operations deduced out of the ſecond Diagram proper to 
he incliner, in every particular agreing with the firſt , which 
nuſt needs conclude the truth of the former Rule as was pro- 


ed. " 
| Firſt, | Secondly, 
s theſfneefZC god, &, Adrithefneof CN God, 0, 
rtothetagem CN Go o AJdstothe fpueof NZ 90 © 
S914 the fineof Z H 16 o Sortheſneof HO 25 31 
To the tayngem HO 25 31 Totheſneof 0Z 29 50 


(omplement of OB 64 2g AddetoZP 28 3g 
Meridian ana Horizon, —@FnOP 68 18 
; Thirdly, 
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: Thirdly, _.- Ponds 
eAs the fneof ZO 2g94d.'50', Asthetagentof Z H 164, 
Totheſmeof ZH 16 o Tathefſmeef HO 25 41 i 
So #4 the fneofOP 68 18 Sowthetang.of PR 30 x59. 
 Tothefineeof PR 30 59 Tothefineof RO 64 46. 
Flezohth of the Stile. , Subſitle and Meridian, 


Eiftly, 


l 


- eAs theſine of P R 304, 59. 
To the tangemt of RO G64 26 
Sorsthe fineof PRO 9go oO 

\ TothetangentefRPO 76 10 

Angle of Meridians, 

Theſe things (as afore) found out for the incliner, 
by helpe of the angleba&&weene the Meridians age 
for the true houre diſtances, which will in every parecar 
withthat of the nineteenth Chapter made for recliner , ner 
draw the horjzonrall line A B,in any part thereof as at S make 
thecenter, and with the chord draw thecircle AE BD. Now 
if you will make either recliner or incliner , follow the diredti- 
ons of the nineteenth Chapter, but with this cautio n,for there 
Cliner count the diſtance of the Horizon and Meridianfrom Þ to 
x2 upwards, & from 12 to D the diſtance of Meridian and Sub- 
ſtile, butfor the incliner ſet them bath downwards from A to 
12, and ſo to E ( as the very Diagrams themſelyes with refes 
renceto the North and South parts of the Meridian will ſafh- 
cicntly inftruc the ingenious practitioner.) The place of the 
Subſtile being thus found, take out of the nineteenth Chapter 
the true houre diſtances, ſet them from E both wayes for the 
- incliner, as there you did from D for therecliner, ſtile and all,fo 
have you done ; adde onely the remembrance of the former 
Chapter (becauſe I will make one Scheme ſerve two turnes) 
that ſince in this inſtance the inclinmg Diall 1s drawne on the 
fame ſide of the plane with the recliner , which in thenaturall 
poſition isoppoſite thereunto ; therefore pricke the houre lines 
thorough the paper; and draw them againeon the other ſide, {0 
ſhall theyſerve the turne, numbers, ſtile and all, without further 
alteration, - | i : North 
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” Burto make this Diall , or any ofthe like kind out of ther 
_ cliner, I ſuppoſe the bare inſpe&ion ef the figure will ſufficien, 
. Iydire&.,you. In a word zherefore ler A 3.4.5.6.7.3. be the 


c 
% < 


| res of the recliner in the nineteenth Chapter , and D S th 
'* - Subftile thereof, which drawne thorough the center to E, ta 
the diſtances of each hourefrom D, and ſet them from E , th 
houres under D above E, and contrry ; or elſe draw them 4 
thorough the center to the oppoſite part,Gile and all, as youdij' 
the Subſtile, and ſet theſame numbers to the houre lines cont, 
 nued, that were inthe rediner, ſo have you made the inclining 
Diall to the ſame plane: which notwithſtanding muſt be prick 
thorough the paper, and taken on the other ſide thereof, forthe 
reaſon aforementioned ; and here you may further note , hoy 
the two Dials are diuided one from the other, the center of the 
recliner downwards,and the axis S F with the houres intinp 
upwards tothe North Pole, but the center of the incliner Up 
wards,and theaxis NG with the houres therof pointing down- 
wards tothe South pole, and the whole diurnall arch of 16 


Sunne at foure in the Morning, and the recliner continuing the 
lam till eightat night , and when it forſakes the lower face, it 
illuminates the upper face thereof, as by the fixt propoſitionin 
the end of the Booke may be proved. 

Now for concluſion to verifie the generall rule delivered in 
the beginning of this Chapter, letthe upper part of the recliner 
AS F beturned about till it become the nether part of the In- 
Cliner BNG , and afcer this convertion let the houres on the 
right hand of the Subſtile neere D in the recliner be made the 
_ houreson the left hand of the ſabſtile neere E in the incliner,and 

contrary ; which may caſily be done by ſuppoſing AFS tobe 
carried about the center S horizontally ( with the reſt of the 
Diall) till F be placedinG, andAinB, and then you ſhall ſee 
_ the inclining is the very ſame that the reclining was, and there- 
toreby good reaſon the one may be framed out of the other. 
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Cua?, XXIII, 


Of the manner of cutting divers bodies in wood or ſtone; 
"andthe making of Dials upox them, 


'®N C2 ed the making of any kind of Diall upon any 
Ar plain howſoever it be ſituate,ſo that one might 
223 (agrecableto the precepts of each ſeveral plane) 
EOD framean entire, but irregular body atone view 
GI HE to prove the rules of them all,in ſtead thereof I 
will rather ſhew the making of Dials and cutting of ſeven other 
bodies,tending to the hike purpoſe, but with much more delight 
and variety, of which the firſt five are the Cxbe, the Terrabe- 
drum, the Oftohedrum , the Dodecahedrnm, and the gras | 
dr«m , the five regular bodies inſcriptible in a Sphere, the other 
two, the one of 12, the other of 30 Rhombes, deviſed by my 
worthy friend Maſter Henry Briggs our Engliſh Archimedes, 
from whom l received direions 2 the catting of theſe two 
bodies , and ſome of the reſtalſo, and doe in memory of him 
commend it to poſterity, + 

| Now becauſe the Cube 1s as it were the moles, or lumpe, our 
of which the reſt are contriued, I will firſt ſpeake thereof, 
though there be little curioſity belonging to it, 


How to cnt the Cube. 


A Cube is a ſolide bodie comprehended of ſix equall ſquares, 
v#areABCD, ADEF,and DCFG, &c. the cutting of this 
body is plaine , by the definition : for let every fide of every 
ſquare beequall, as A B to D F,AE to C G,&c:and you make a 
Cube of what greatnes you will, This body is capable of five or- 
dinary Dials,the fixt ſquare being the baſe to ſtandupon, wher- 
fore if you ſet the ſide A D E F South, then will the ſide oppoſite 
_ creto be North, D C F G Eaſt, and the (ide oppoſite thereto 
Weſt, and ABD C horizontall,all which Dialsareready made 

in 
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inthe 6.7.8, and 9. Chapters ; but if you place any angle of the. 
horizontall, as A D GC South, then wyll every fide decline 45 4, 
- for if you draw the Diagonall A C repreſenting the line of. Eaſt 
and Welt; and ſuppoſethe two ſides of the Cube CD and AD 
to moveupon the centers Aand C from the Diagonall AC, 


where they have no declination at all, till they creffe each other 
atright angles in D, there ſhall be made a right lined right an- 
led Triangle , whoſe three angles are equall to two rightan- 
gles by the 32 of the 1 Euclid, and 45 of the x Priſcus : but the 


angle D is a rightangle by the worke, therefore the angles at A 


and C ſabtended by equall ſides are 4 5 d. a ptece-, and conſe- 


* quently each ſidedeclineth from the line A C 45 d.. wherefore 
D CFG isa South declining Eaſt 45 d., andADEFE, a South 
declining Weſt as much , and their oppolites Narth declining 
Eaſtand Weſt 45 degrees,all which foure Dials are in effe& but - 


. one, ready made inthe tenth Chapter , obſerving the cautions 
therein mentioned. A CTR) 
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BH The Tetrabedram is afolid body comprehended of foure e- 
W quall equilaterall Triangles, asare A C B, A CD,andDCB,to 
FF cut this body , you mult firſt makea paralellepiped BEF C: 
| ferthe breadth AD be 19900, and theheighth AE the rvot of 
) 3481549, andthelength AB theroot of 5; 85502, upon the up- 
= - _ 2T per 


© Triangles, the other three ſides LF N E, &c.are paralelograms; 
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232 The Artof SHan oOVYES: 
. per face and baſe thereof draw two oppoſite equaliter Triangle I 


Sis A D H, divide the perpendicular thereof Þ H equall to Ap, 

orD C, into three ſeverall parts, ſet the third part there ' 
28167 from A to N, and fromD to L draw theline NLin the | 
middle whereof, atthe point K fhall be the vertex C, or top of 
the ſolide A B D;from the point L to the angles Fand G dray, | 
two ſtraight lines L Fand LG, doe the like on the OPPoſite 
fide by the point N, cut off the two triangular portions LDF, 
N'AE, and G LC, NB, fo will remayne the ſolide body called 


Priſma, whole two ſides F LG, and the oppoſite, are equal] 


Next by the points F K H & the ſide of the Triangle F H drawn 
in the baſe, as alſo by the points EK H,and the other (ide of the 
Trianvle E H, cut this Pr5/-4,and there will come forth the ſo. 
lid body ACDB, the Terrahedrum deſired. The body being 
_ thusprepared, ſetthe angle A South, then will the (ide BCD 
bea Northreclining 19 d. 28' 16”. , and the other two fides 
ACBandACD South declining 60d. o'., reclining as the for- 
mer , the reclination is proved by the figure, whereon the body 
is cut, In the Triangle F D Lright angled at D, you have the 
perpendicular D F, the heighth of the figure 81542, and the le- 
{er ſide DL 28867 the ; of the line DC, to find the angleat 
F, by the ſeventh Caſe of right angled plane triangles : or if you 
het F Dradius, D C fhallbe 10., 525595, and D L' 35355, 
the 5 of D C ſhall bee the tangent of the. angle LFD, 
which being found in the Table of naturall tangents , ſhall 
give 19 degrees 28', 16": the reclination deſired. The decli- 
nation of the fides may be proved to be 60 d. by the angles, for 

\ bythe5 ; of the 1 of Putiſcus , if a plane Trianglebe inſcribed in 
a circle , the angles in the periphery oppoſite ro the Circumtfe- 
rence, are ; the Circumference oppoſite to the angles, butevery 
fideofan Xquilarer Triangle ſubtendeth 1 2 0 d.of the Circym- 
ference , therefore every angle the; thereof 60d. if therefore 
you ſuppoſe B D of the ſolid ro be paralell to the line of Eaſt and 
Welt, and that D A and B A movefrom thatline upon the cen- 
ters D and B, till they crofle cach other in A, making the nat 
; | | equa T 
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- ial, che angle ſhall be alſo equall , by the fift of the firſt of Pi 

; "4 each oo og 60d. eaſel Having the reclinati- 
nof the North plane, the Diall proper thereto 1s tobe made 
1.-che ſecond kinde of the 1 4. Chapter,whoſe houre diſtances 
om the Meridian are as followeth, Oh. 
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The other rwo South declining reclining have the fame Diall 
ping bat 'the poſition of ſubſtile and 


_Mrving for both, chan | | | 
- Mhoares, as the cautions fof the tenth Chaprer will dire you, : 
| [indis to be madeby the rulesof the x 6 Chapter, the particulars 
hereof with the houre diſtances from the Subſtile are as fol- ; 


bweth, 
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Hew to cut the Oftohedrum. 


The debut is a ſolid body TENGT WY of eight equal 


_ Triangles, asare A G B, AGD, 8 CE, and E C 2 
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| 336  TharofSiiavoves: 


by which draw theline I K upon theſuperficies, and the like by 
L inthe baſe make two, Equilater Triangles I K H upon the g. 
_ perficies,& from the pointL in the baſe thelike,ſo that the poin, 
N of the Trianele inthe baſe-may be oppoſite to the point Hy 
the ſaperfictes, . we thelines K F, K L, and LC, on the oneſide 
of the figure,and the like on the other fide; cut of the trianguly' 
portion T K FE downwards, and the oppoſite to it LGC}: 
upwards,and there will remaine two equall oblongs K I BHC, 
and L FN E, the baſe inclining from the lineBH C as much x 
the ſaperficies doth recline from the perpendicylar of E NF, 
next cut of the portions L K H and I H, above ; and LKN and 
I N, by the triangle beneath, ſo ſhall you have at fix cuts theſc. 
lide of eight Equilater triangles ABCDE defired. The body 
being thus prepared, ſetthe angle C of the Horizontall A C3 
South, and the ſame Dials of the T etrahearum will ſerve for the 
Otfohedrum alfo,for the plane D CE ſhall be a South incliging, 
and his oppoſite a North reclining 19d. 28'. 16”, as maybe 
proved by reſolving the right angled triangle FD K, or L GC, 
In this parallelepiped, equall to LD F of theformer, D K, and 
D L, being the naturall tangent of theangle F in both of them, 
ſuppoſing D F to be the radius,the planes D CA and E CB hal 
decline 60d. and recline as the other, and their two oppoſites 
decline and incline as much, as were eafily proved, but that the 
bodies themſelves, joyning the reclining fide BCD of the Te- 
zrahedriuns to the inclining fide D C E of the Otohedram, will 
plainly demonſtrate theſame , the Dials then being already cal- 
culated for the one,it were needles to reiterate the work for the. 
other, onely for the inclining planes,! referre you to the 21 and, 


22 Chapters, 


How to cut the Dodecahedrum. 


93 The Doacc ahedrum 18 a ſolide body:comptehended bF-12 [( 

_ quall Equilater pentangles, as'are HSRVOQ, HSB A;and. 
HOE A &. Toctt this body ,/ you muſt firſt make a Cube a 

*15pqrsv, divide cachfide into halfes, asp qatab: rs atfE: 

"- © and xpat cd, Let cach halfe pa, x e. a | 


'rf be the radius 
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Wt 100000 divided by extreame and meane proportion p g, xh, 
Wd V O ſhall be 61803 the greater Segment, andec,he, and 
FWnd nb 38:95 the lefſer Segment,and ſo muſt the re ofche ſides 

We alſo divided, but with this cau 

ements of eyery fidecontermit 
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228 ' The Artrof SHADOVVES. 
andhb. Cut off each trianguler (##eus or Priſma, v3z. n od 
LKfe, -nd mhba, andſoof the Teſt ; fo ſhall:you at x 2 ay 
frame the Dodecahedrum conſiſting of 12 pentangles, as isre, 
- preſented by the firlt higure. - 2% L 
The body being thus prepared, ſet the angle H of the Haji 
zontallplane HSR V O South , then ſhall the five ſuperioy 
lanes recline , and their oppoſites incline as much : 1, 
R V DK C ſhallbe adire& Northreclining 26 d. 33'.54",, an 
VODE;}andRSBC, two Northreclining as much, and de. 
clining alſo 72d. HOE A, and HS BA, two Southreclining 
as much, and declining alſo 36 d. the reclination of all five being 
the ſame, is proved by the cube; whereon the body is cut:forin 
triangles b x h, or cxn, right angled at x}, letc x orb x, bethe 
_ radius, 16 9000, then isx n,of x h the greater ſegment 6 186 
the naturall tangent ofthe anglex'c n,or x bh, giving 31 d.4;, 
3”. whoſe double 63 d. 38.6". ſabtrated-out 1 80d, leaveth 
I16 degrees 33'. 54”. the inclination of the planes each to 
other , and ſubtracted out'of go degrees leaveth 26 deerees 
33'. 54”. the reclination of them. The declitation of the 
planes is more manifeſtly prooved out-ofithe body it ſelfe : fo 
ſetting the angle H ſouth, the ſide V R repreſenteth the lineolfff 
Eaſtand Weſt, from which ſides RS, and V Q, of the twe 
North reclining planes , doe decline K RV the complement o 
the angle $ RV to 1 80d. For if you ſuppoſe the line SR K, ly 
ing upon the ſide RV,whereit hathnodeclination;to be moyet 
about upon the center R,till it returne into the due poſition, tid 
angle S RV ſhall be 1 80d. 7 of a {emicircle,ſubtegded by the3 
f1des $SH,H O,andO V, containing 2169. by the 11 prop. 9 
rhe 4 Books of Enchide,and K RV 724. the cotypleinent there 
ofto-1 80.4, which is the true declination of thoſe two planes 
andofthe two inferiour oppoſite ro them, 
Now againe, ſnppoſe the ſides H'S, or H O, of the'ttwo Southf 
reclining planes, to lic inthe prickr line S O, paralell to RV 
then ſhalleach line turning npon his center S and O, unto the! 
_ due poſitions declinefromthe line S O the quimity'of thean 
gle HSOor HOS which being ſubtended by the fines HC 


? * 


.r HS, containing 72 degrees, the fift part of the circle- "the - 
angle it lee ſhall bee but halfe ſo - much hy-the 52 of the 
1 of Pitiſc19, viz, 36 rr rear; of thoſe two planes, 
and their oppoſites; and iF the angles at Oand Sbe but 72 d. the 
angle H equalitothe angle Ris 108 d. &y-the 49 of the firſt of 
Pitsſcus:0r if you ſuppoſe Meridian linefrom K H to be drawn 

erpendicular to OS and V R the angle KHS ſubtended by 
SR,and:of VRis 54d, the complement of h SO deſired. 
Having the reclination of the North.plane, . the Diall to'it is 


ro be made like the ſecond kinde of the x4, Chapter, whoſe 


houre diſtances from the Meridian areasfolloweth. 
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patts from | arches on | | parts from ches on the 
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VU RD C. Nerth reclining | 264: ) 4”. 


b- : EO eAdaryg toit 338 28: ol 
 Theheighth of the ſtile 65 3-54 
The Logar, 9957. 3875 


The two North recliners and their oppoſites declining 72 &.0'. 


have the ſame Diall ſerving for all foure, changing the poſition 


of the fubſtile and houres, as 1s heretofore directed, and are to 


| be madeby therules of the 20 Chapter,the particulars whereof 
- withthe houre diſtances are as followeth, 
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RSBC,andY ODE, North recl ning 264.33, 54". 
| Declining alſo Eaſt andWeſt 72 © ©, 


2 Thearch of the plane betwixt the Meridian and | 


- 
, 


the Horvon © 2h . 36d, ©, 0, 
2 The arch of the Meridian betwixt the plane and 
the Zenith * ©- T9. 538 16 57 


3 The heighth of the ſtile or pole above the plane 3x 28 26 
4 The diſtance of the Subſtile from the Meridian 82 4 49 
5 Theangle betweene the two Meriaians 85 50 41 


37 d. 28, 20”, the Logar, 971 7, 73414. 


The two South recliners and their oppoſites declining, 36d, 
©'. have alſo the ſame Diall ſerving for all foure with'the former 
cagtions,andare to be made by the rules'ofthe 16 Chapter,the 
particulars whereof with the houre diſtances from the Subſtile, 
ze _PRTR ct TRY 
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© - EE TOE, 
HSB A and HOE ASontbreclimnus 264.33'. 54", 
Declining Eaft and Weſt + 0. - 0 
1 Thearch of the plane betwixt the Meridian 
and Horizon. Td.: 0. of 


2 Thearch of the Meridian betwixt the .,Plane 
_ and the Zenith, | - 43 I 
3 The heighth of the Stile or Pole aboue : 
the plane =. 4.04 . Is 
4 The diſtance of the Subſtile from the Meridian 3. 33 36 
5 Theangle betweene the two Meridians. 31 53 49 
54. 44.15". the Log. 8999, 8739. 
How to cat the Icoſahedrum. _ 


The Icoſahedram is a ſolid body comprehended of twenty e- 
quall equilaterall -Triangles, as area b c,abd,a ce, cbf, &c. 
There are two wayes to cut this body, the one in Las very 
lame manner as the Dodecahedrum was cut, drawing the para- \.. 
tell lines upon the (beat the diſtance of the lefler ſegment , as 
there you draw: them at the diſtance of the greater ſegmene. 
The other way is thus; ' divideeach fide of the Cubepqrs vin- 
So J £3 i to 
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to halfes, and draw ſtraight lines, croſſing atright angles, as are 
dd,ce,fh,gi, km, and In : then making po, oa halfe the 


Y fide, theradius 100900, let ac the greater ſegment 61803 be let 


from-aupon each middle line, toccrofſeatbed eandfe hi, &c. 


| by eachtwoprickes, 9iz.'be, cd, be, anded; draw firaight 


= 


| Incs;Croſlingeach other at rightangles,round-abourthe Cube, | 


_- foſhallyowhaves equlateralheriangles, fuchasare 234 & 567 


E -thall babe the baſe, and the pointg of the nextſquare-the ver- 


{-  &c.vywhichevery corner being cutoff, there will remayneſix 
 » fquares,ſichasbede, f ghyklmn, and ciphit fexangles, then 


ter 


* EO OY 


FERRY 
_ * 
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tex to cut ot the triangle 4 g; andg i ſhill be the baſe, and 
© thetrianglegik, andkmthe baſe, andb 


the vertexto citout the tritglegik , and kimthe baſe, a 
thevertex, to'cut oitt the triangle km b, antl/thele three being 


+ 


ow + 2+ 3% a oor it el ied oth: X Pp WEE YE ' 
cut, will leave fourth triangleberweene themkb g, and ſo of 


The body being thus © pode ſet the anglec of the horizon- 

tall abc'Sourh,then cal ab d;be adire& North declining 81 d; 
11'. 23”.and the oppoſiteSeuth inclining as much, ace, and ©? 
c bf, are two South reclining as the former, bntdeclining allo | 
60d, theother ſix planes conterminous with theſe three doe all ! 
recline alike-1 9 d. 28'.16”. whereof the two Meridionall es ce, 
and g<f dot alſo decline 224.9 4', 29”, the two backward 
Northerne planes k bd, and ha ddoe decline-37 d.g5', 41”.and 
the two ifitermediate Septentriwnall planes b kf and a he doe 
decline 82:degrees 14, I'9-. and as theſe, {o doe their oppoſites 2 
_ decline and:intline as. much; Thereclination of the three ſupe- 1 
riour planes may be proved by the Cube, whereon the body is 
clit, For as the greater ſegment of the halfe fide is the naturall 
tangentof an angle,the double whereof ſubtrafted oat of go d. 7 
leaveth the reclination of the planes in the Dodecahedrum, fois % 
the leſſer ſegment Z,E;or Zg in this Cube 39195 the .naturall | 
tangent.of the angle Zag inthe Cube,or z gc inthe body,20d."8 
54 18"; thearch of. the Meridian betwixt the Zenith and the 3 
Plane, the complement whereot is Zc g, theangle betweene } 
| i Et ant «the Meridian & the Plane, 
ſuppoſing: a perpendicular .. 
_ raiſed fromg to meet with 4 
_ the Horjzontall line in. C : 
continued, double the an- } 
fe Zag, you have 41d. 3 
48', 17 , which taken out 7 
of 180 d. leaveth 1384. 7 
1123". for the inclination + 
of the HRnes and taken ont 3 
of god. leaveth 48 &, 114 
23”. for the reclination of | 
abd,aceandcbt, the3 F 
TR. ſope- Þ 
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ſaperiour planes, collaterall to the horizontall, Now by. helpe 
of the former arch and angle, you may alfo findhe. reclination- 
of the other fix ſuperiour planes., y.che ſecond 4 the firſt caſe of 
R.S$.rriangles, which will more plainly appeareby drawing the 

ſeverall Scheme, (like unto this) proper to each plane, wherein 

Z Fisgiven thearchof the Meridian betweene the Zenith and 
the Plane asafore,and Z F G the comp'tment thereof the angle 


—_ 


berweene the Meridian and the Plane,and theright angle ar Ge 
_ to find theſide Z G the reclination deſired, by tbe ſeebud of the 

firſt Caſe of R,S, triangles, For EE 
E: Logar. 

Asthe ſineof ZG F god, of ©", Io0000.0000 

Ts to the ſine of Z F 20 54 18% 8 9552445IL 

So the ſineof Z F G 69 5 41; 9970.4228 


Tothefineof Z G | 19 | -28 16 X9522.8739 
Wherefore 1 94.28.16”, is the reclination of the ſix ſuperiour 
planes, which weſoughtfor, | 7 
_ Thedeclinations of theſe planes may fromthe ſame data be 
as cafily found, whereofa ce, and b cf, two of the ſuperiour 
2 planesdecline 60 d, apiece, as15 manifeſt, becauſe the Horizon- 
tall lines of thoſe two planesac, and be, doe'declinefrom the 
* line ab repreſenting the Azimuth ofe and W,untill they make 
F7- -ancequilateral;triangle,a bc which is equiangled by the 28 of the 
Fr fr/ of Prtiſers, and each angle containing 60 d,by the 5 3 of the 
feme , the declination of the two Meridionall planes g cf, and 
E: gcc maybefound in the Diagram aforeſaid , by the firſt of the 
* 13Caſeof RS. Triangles. - LTogar, 
* AAsthewhole ſue BG 90.4, 0,0”, 10000,0000 
 Trrothe tang, of the reclinationZG 19 28.15. 9548.452 2 
* Sor F Srthecotangemtof FZ 20 5418; 10417.978g 
® TeSB thecoſine of the declinatis SC 22 14.19.£9966.4311 
* Now as the declination of theſe two planes is found by this 
& . particular Diagram,ſo may the reſt by drawing ſeveral Schemes 
{= proper to them, but they may be more eaſily drawne out the fi- 
þ gre repreſenting the body, by way of diſcourſe onely, without 
* furtherſolution of any triangle art all ; for if you ſuppoſe ſtraight 
7 lines tobedrawn within the body of the cs 
ne RE 7 | _- three 


f 2d h, will be but 30 d.apiece in this plane ſuperficies, whichare 


Ns GENT % 
, 
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three angles of the three ſuperiour reclining planes, they will 
make an equilateral triangle,as is f de,& theangles of each paire 
of planes interjacent,to wit gfc,&gec,bfkandbdk,ach, & 


60d.intbeſolid body,the ſides alfo g c,kb,and ha, ſubtending 
thoſe angles, will fore ſhorten proportionally, for ſeeing d g the 
fide of the triangle d fg,is the diameter of the circle,including al 
the outward angles,by the 5 3 of the 1 of Pirtiſcus :theangle F fg 
ſhall be a right angle,but cf b is 60d, one of the angles of an c- 
quilater triangle, therefore g ct 30 d.thecomplement to go d,y 
which was deſired. Now if you make f c the radius, cg ſhallbe 
the tangent of 30d, and rhe naturall tangent of 224. 14.19", 
40888, taken of the ſefor (opened to the widek of c f ) ſhall : 
give the pricks atr o,and V,to which ſtraight lines being drawn 
round about the body,v:z.from the anglef, fr, andf o:from the ; 
angled. d'oandd v : and fromthe angle'e, er andey, they (hall 
repreſent thehorizontall lines of each ſeverall plane,asf e, b a,& 
ov doe theline or azimuth of E.and W,the difference betweene 
which two lmes is the declination deſired : for it the horizontall 
line fr, orer, be ſuppgſed tolie upon the line ef, where it hath 
no declination at all, and to moveupon the centers eorf, into 
the true poſitionatr, then ſhallrfc, orret beanangleof 22d. 
14', 19”, the declination of the two Meridian planes deſired : 
ſo if the horizontall linef o or ev lieuponthelineef , and from 
thence move upon the centersf and c to their due places , at 0 
and v, c fo andcer fhallbe anangle of 824.34. 19”. viz. cbf 
orcea 60d. andbfo, oraer22.d,14.19', the declination of 
the two intermediate planes deſired. Laſtly , it the horizontal 
| lineo d or vd beſuppoled to lie upon the verticall o v,and from 
thence to move upon the centerso ant v,into their due places at 
d, modandmrd ſhallbean angle of 37d. 45'.41”. the com. ** 
plementsofmdo,or mdr,52d. 14.19”. compoſed of therwe 
trianglesmdb 30d, and dbo, 224.14. 19”. and therefore 
the declination of the two Septentrionall planes deſired. Theſe *: 
things thus prepared, the North reclining Diall 489. 1 1'. 23”, © 
is to be made like the ſecond kind of the 14 Chapter, whoſe 
houre diſtances from the Meridian are asfollo weth, 
To. : | _ Houres 


JELY” SS 45 @- os  o EE .  ngls 
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;  Houres and | Houre ar- | Houres and | Houre-gr- 
{ parts from | ches on the | /parts from- | chEs on the | parts from i] c 
the Merid. - | plane. .. _ | che Merid | | plane» , .| che Merid. | 
| Hogres, | 4” | Houres.| © -* -| Houres,Þ 4 
mo [w2jag"s7| 84 
| SEP : "E 2Y Ns | 18 
[ex 7 29 Bibs 3]. 37 27 " : # 
wx 39 IL.9 $1144. 37 | 7.35 
* 122 2 A138: 2 "IM 
© 2 «S © 3 | | * 2 
LL. | 4 | 


aba North reclining 
-'  edde thereunto 


The hezghth of the file 
The Logar, 


The other two South reclining as much , and declining alſo 


© 
a3 
— 
-j 


"28 x” 


9999. 2600. 


60 d. viz. bcfandacehavethe ſame Diall ,:ſerying for both, 


particulars whereof with the houre diſtances from the ſubſtile, 


arc as tolloweth. 
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I 0 As 


| Houres from 
| the {ubſtile, 


— 


| 
| 
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pq 
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Houre arches | 
on the plane» | 
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ha 


Houres frem 
the Subſtile. 
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Hoares. 
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is cos 
Honre atches | 
on the plane ' 


changing the poſition of the ſubſtile and houres ,, as 18 afore dj- 
re&ed, and are to be made by the rules of the 17 Chapter , the 
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bcf and at & Soatb vectining . 1448411 «23's 

.* Drclinhig Eaſt andiweſs G60 ii 'v.f fi 
enBbIT SIT IZLVEGSU 37 141901! 953 bo mY 
I a of the plane betwixtthe Meridian andro 3 
the Horizon 7 2vy0dge 2l0T 4: 5:43 aff 3-80-45 41 "a 5 
» The arch ofthe Meridian betwixt hy plane and | 
the PR FO od Fs 2 wi 12H: $4.19 
ff ; The kgighth of the ſtile 6x paleabove theplan9,93;; 6.93 - | 
I 4a T he altance of the Subſtle from the Meridian 16 41 13 | 
5 The angleberyeenethdrws Moridians | 91h LY - ap IT 
129PEmYId © ot914; bas. 'Q 1. +1,h £8 mbaobolls: ! 
"The tiV6 South: teeliningn9d.2 $8.16, vis ral and cakes | 
 doealfo decline 24.14.19". and are to be made by the rules p 
ofthe 16 hin the PRI. a are as sfolloweth F 
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| Houres from: | Houre arches | \ Houtes from” Houre arches” 
| the Subſtile, | on the plane. & þ 4 t the Subſtile, - 4 ON he planc. 


" =ILnn-_ df = i | 
| Woes | 4 3 + j Houres, * oe] 
- ITS 1} If 56 1 {£8 ed. 
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3 Thearchof theplane berwixrrhe Meridian 
and Horizon. © 
2 Thearchof the Meridian berwixt the Plane ED 
and the Zenith.” 20 - 54 18 
3 The heighth | of the Stile or Pole aboye the 02; 
Plane. 7 300 22 1 g 
4 Thediſtance ofthe Subſtile from the Meridian _ 26. 34 
5 Theangle detweene the ewo Meridians 49 56 


| Thetwomiddle Planes Northreclining zsmuchtkb, and 
ch a,doe alſodecline $24, 14'. 19”, and areſo to be madeby the 
rule _ the 29 Foun the ah {on whereofareas oooh, 


— nr oe nr 
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TEENS IFIDFS 
Houre arches Houres from | Houre arches 
| OR rhe plane. | | the Subſtile, on the plance 
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ws 71 31: FS . | 453} 
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kfbandach North reclinin ug 194, 28', 16”, 
Declining Eaſt and Weſt 8 14 19 
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5 Thearch of the Plane betwixt the Meridian 


and Horizon 22d, 14,19 
: The archof the Merid:betwixtthe Plane and 

the Zenith on + 47; 
z The heighth of the Stile or Pole above the 

Plane a +7; 


4 Thediſtance of the Subſtile from the Merid: 71 17 90. 
5 Theangle betweene the two Meridians 83 35 34. 


The other two North reclining as much 2:iz,kbd and had 
doe alſo decline 37 d.q5'.41”,andare to be madeby the rules of 
the 19 Chapter, the particulars whereof with the houre diſtan- 
ces from the Subſtile are as followctt. 


oo _—_— ER OT; te _ *, 
oures from | Houre ar- Houres from | Houre ar- 
the Subſtile. | ches on the the Subſtile. | ches on the 
FE plane. | Es plane. 
Fogres, 2 Hogres, | © * | 
* | 3:18 | _ 1 nn 
9.345 40 » | 7 48] 
| 3 [34 19] | 7 FL 
to, $:130 13 x [19-9] 
walk} | 26 24 6 G25 x7] 
IT I 22 2] Z [3T 01 
i. 109 137 1 713% 55] 
12 12 [48 2| + (46-37 
|, -». 156 331 | 4 So 
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kdbandhda North reclining —# I9 d. 28, 16”. 
Declining Eaſt and Weſt "37" 45 40 3 


7 The arch of the Plane bertwixt the Meridian and 
the Hor1zon. | i} | 75 d.3 I p 3 I”, ; 
2 Thearch of the Meridian betwixt the Plane and Te 
the Zenith : EE 24. at 
2 Theheighth of the ſtile or pole above the plane 46 26,21 
4 Thediſtance of the Subſtile from the Meridian 48 2 4 
5 . The angle betweene the two Meridians. 56 54432 
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CHAP, XXIV. 
( 
How to cnt the bodie made of 12. 


Rhombes, 


_— 


x Rhvmbe is defined by Exclide 31 Defititionef 

@ the firſh Booke tobeanoblique Paralellogram 
7 conliſting of foure equall fides, but unequall 
@, angles, as is the figure a b c d; of this plane may 
 becompoled two bodies, theone of 1 2 Rhom« 
bes as is the figure ae b{the other of 30. To cut 
the body of 1 2 Rhom- 
e's you ent makea 
paralcllepiped , as Is 
abegt. Les the length 
Z .\- beto thebreadth, or 
>, 2" depth,as 1 to the root 
ESI of;,loſhalahorcgbe 
SJ, 1ooc00 thebredthand 
depth a d f g equall 
= 79710,” ' Divide the 
Tenth into two equall parts at n, |, 1 irom theſe points _ 
O'S + 4 he # 76h 


- Cy 
$ w#3* 
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lines to theangles,and 
they ſhalincludefoure 
Rhombes,asaremik1, 
and Ip nr, &c. Draw 
upon each end two 
Diagonall lines, a c & 
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each angle, wit the 
| lines drawnefrom the 
middle points , ſhall 
make up eight Trian- 
gles,ſach as 1s a 1 c,&c. 
cut away each corn: 


angleglh, and fo of the reſt, ſo ſhall you at eightſeftions frame 
the body of 1 2 Rhombes, ſuch as in the exatyple appeareth, 

The body being thus prepared , ſet the acute angle C of the 
WF hotizonrall Rbombeabcd Suth, then will fhgc be a direct 
W South, and his oppoſite a dire& North Diall ; the other are all 
declining alike, whereof the foure uppermoſt doe decline 30d. 
and their oppoſites incline as much, as may be proved by the pa- 
ralellepiped, whereon they are made ; from any angle whereof 
asfrom d draw the perpendicular d r , croſſing the line al at 


rightang les in r, then ſhall d rbe the naturall tangent of the an- 


gledcr the reclinatien defired ; but for the morecafic finding 
thereof,firſt ſeeke the declination of the ſaid Rhombe. Suppoſe 
the ſide d fg c of the paralellepiped ſtand South, and the line lr, 
which is the horizontall ſide of the Rhommbecbeft, to lie upon 
Jl 'veline d Lf, repreſenting the prime verticall, then dothitnot 


decline at all, wt moving itupon the center 1, till it returnein- 


toits due poſition;it ſhall decline from.d 1 the quantity of the 
angle dla, and ſo much doth rhe line n d on the back part there- 
of decline from the fide na paralell rold:; wherfore in the right 
angled Triangles a d 1, or dan, if you make a norld the root of 
I to be the radius, -then ſhall ad the root of 2.1414* be thenatu- 
all tangent ofthe angle a nd,oral d, which gives 5 4.4.44. 9”: 
tnedeclination defired, as in the table of naturall tangents doth 
ippeare, No 


, 


b d,; which joyning art. 


by theſe triangles, viz. dby the triangle al c, and f bythe Tri- 


$ 2 Es Or 
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Or againe,if' you take ad (with reference to the whole ſide 
dF, for radius) as it is firſt given 72712, then is it the natural| | 
tangent of the leſler angleafd 35 d.15'. 52". the complement 
of theformer, Laſtly , in the trianglea r d right angled at r;, if 
. you makead the Hypotenuſa, the Radius , then ſhall dr be the 
. fneofdar, thecomplement of the declination,by the firſt Caſe 
of R.S, triangles, which being 35 d. 15'. 52”, the naturall line, 
thereof is 57735 equall tod r the naturall tangent of the declina. i 
tion 30d. becauſe the two right angled triangles ard, andcdr iſ 
© havethefidesadandcd equall, and the fide dr common to 
both. Thele things being prepared , two Dials ſerve for the 
whole body (except the ordinary ones of South, North, and ho- 
rizontall) which are to be made by the examples of the 1 7 and 
19 Chapters, the particulers whereof with the houre diſtances 
from the Subſtile, are as followeth. 


— 


— CC EI 
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| Houres from | Hodrearches _ | Houres from | Houre archee 
the Subſtile. | on the plane. | the Subltile, | on theplane, 
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fr mw _ | ————y LL | | a ct c—__—_ 
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| Theplanes adjacent to the ſides of the horizonrallb a, a d,ate}: 

= North reclining 204, ©. #: 

= Declining Eaſt anaWeſt «4s 04 Þ . 
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; Thearch of theplane betwixt the Meridian 
and Horizon. - + 54d, 44.9”, 
> Thearch of the Meridian betwixt the Plane 
and the Zenith. 45 '© 0 
; Theheighth of theStile or Pole ho the 
Plane. 44 37 44 


4 Thediſtanceof the Subſtile from the Meridian 80 47 $I 
5 The anglc betweene te two Meridians 


83 30 24 
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| Houres from { Houre ar- | Jones Ban 

| theSubſtile, | ches on | | theSubſtile, 

| the plane, | | 

| CRIBS ae | on a _y 

Hoare s, e '-. | | Bower. 
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| on the plane, | 
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Houre arches | 
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The Planes bcfeangd cg i,are South brats 30 d. o'. 0”, 
54. 44. 8 


Decluzing Ea and Weſt 


1 Thearch of the plane betwixt the Meridian and 


the Horizon 


2 The arch of the Meridian betwixt the plane and 


the Zenith 


45 


54 44 8 


Q © 


. 3 The heighth of the ile or pole above the plane 44 36 53 
#4 The diſtance of the Subſtile from the Meridian 4 37 48 


5 The angle betywceene the two Meriatans 


S 3 


43 it 9 


To 


4% 


_— 
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bomb ts, 


the body compoſed of 30 Rh 


o 
F, 


T #CH 


% 


. \\ 
a \\\\ 
/ \, \ 
BEANS 
£4 % P k \ \ 


/ SSL EY 
4 % \ 


repreſented by the figure LZ AF, 


_and1s 
fras 


me tocut then the former, 


30 Rhomber, 
at more troubleſo 


This body of 
fomewh 


b 


3 -- 
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framed out of the Cxbe adjoyning amgk, dividing every 
& fide thergot by extreme and meane proportion , which is thug 
eaſily done, 'Let.a b, b g, b m &c. be x 0000, then ſhall ac, bg, 
bn, m h, bf, ge, &c. be 6180 the greater ſegments, which'taken 
of the {ctor, opened to the wide it of any ſide,and ſet from each 
angle a.b.g.m, &c. both wayes, thall leavead,bc,bh, mn, be, 
gf, &c, 3819 the leſſer ſegments of the ſame ſides ; from the 
 W tcrmes of the greater ſegments on the one ſide, to the leſſer on 
the other ſide, draw paralell lines, asarede,at,L 2, andqi; 
croſſe them with the like paralel] lines,as arec1, b-q, e k,and tp; 
from each oppoſite angleb k, anda g, unto the lefler ſegments, 
oppoſite to theſaid angle, draw paralell lines as areap,gc,b 1, 
and kd,ſo have you all the lines on this ſide the Cube, neceflary 
for diretion in cutting this body ; and thus muſt you doe with 
all the reſt of the fides. 
Thelines being drawne as you ſee in the example, there are 
three triangles framed about every ſolid angle, as are the prickr 
linesafh, md e,andg nc, aboutthe angle b, by which that an= _ | 
le muſt be three times cat,(continuing each line as part 1s cut a= 
way to auoid confuſion) ſo ſhall you at 24 cuts, produce the bo-- 
dy of 30 Rhembes the thine deſired ; which being prepared, ſer 
the acute angle N of ghe horizantall Rhowbe thereot NM LR 
South, then ſhall the Rhombe OP Q K be South alſo, and his 
oppoſite North A B C D of the Cube (being rhe ſame 1n the bo- 
dy)Weſt, and his oppoſite Eaſt, the reſt are all South and North 
declining reclining;and as the three Rhombes OPN T,TNRX, | 
and TX ZO, which are conterminous with the horizontall . ; 
South and Welt planes,doe decline and recline, ſo doe all the |} 
reſt, as from the very inſpeQion of.the body doth ſaffticiently 
appeare ; wherefore having found the declination and reclinatl= ©  * 
ws for thoſe three planes, there is as much done as 1sneedfull for | 
this body. - | i 
And 6 for the declination of the Rhombe O Þ NT, whoſe 
ſide OP is the ſame with the South RkhombeOPQK, in the 
triangle a f h of the Cube (which is one of the cuts of the ſolid 
angle b) producing the Rhombe aforeſaic,it you ſuppoſe the line 


a ht6 lie upon the fide of the Cube ab, Fanding South, it ſhall 
| | | Dos 


, Ke) ; - — — Re $5 ds os. "'F 
—_— Ls, oa = — a 
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repreſent the prime verticall, wherein the South plane lyeth,ang 
hath no declinationat all : but moving ituponthe center a from 
b to h, the quantiry of the leſſer ſegment 332 25, and making ah 
the Radius, b h ſhall be he naturall tangent of the angle b a h, 
which being found in the table of the naturall tangents , ſhall 
give thearch 20d.54'.18”z. thedeclination of the Rhombe de. 
Le, —. 
Now if you draw the perpendicular b Z from the anglebt» 
the line of declination a h,b Z ſhal be the naturall tangent of the 
innerangle bf Z (making tb the radius) the reclination of the 
Rhombe deſired, which is thus found by the firſt Caſe of R,Þ, 


| 7 rianglies, - 

| - ; Logar. 

| As the fineof bZh 904, &', 10000,00 
Ts to the line bh 3319 O581 .95 
So 75 the coſine of the declinatioub hy 204. 54'.18".9990.43 


To the line bZ : 
And againe in the trianglebt Z, by the frobuth Caſeof R, P, 


ria nolec | 
Tria © © 


35688 |  To552.39 


| © 8p parts, Logar, 
es the greater ſegment t — 61%5 0790, 99 
7-t0 the linetb as radius | 10000.00 
So 7 the lineb Z 3553 . : 0332.43 


To the ſame line as tangent of the anelebfZ 30g. 0.9761.4; 
 Tbereclmnation defired. £ 


Againe,inthe triangle d m e,by which the RhombeTNRX, 
24;acent to the horizontall ts cut, if you ſappoſe the {ide thereof 
d mtslieupon the prime verticall d b , then hath it no declina- 
| tien, but being moved upon the center d, till it returne into its 
* que firnation at m, then ſhalld b be the radius, and b m the ſide 

ft the cobe ſhall be the rtangent'of the angle b d m, the declina- | 
tion of the plane, oy the aforeſaid ſeventh (aſe of R, P. Tri 


| angfes, 


AS 


Soi the ſide of the cube bm 
| Tethe ſame line b m as tangent of neſs $.4.16.57".10209,01 


- x —_ m_— 
F io — Re —_—_— MO "TT 
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| | Logas, 
| At the greater ſegment db _:... 
| Ir tothe ſame line db as radins I®090,00 


I 0900 Teo. 00 


angleb d m 3 


Or againe, if you make the ſide of the cybe mb the radius, bd 


| the greater ſegment ſhall be the naturall tangent of bmd 31d, 


43'. 3”. the complement of the declination ft oughtfor, 
Now draw the perpendicular b f to the line of declination 


| 4m, then ſhall b Fbe the natural! tangent of the inner angle of 


reclination b eZ making be the Radius, which 1s thus found in 


thetriangleb Fd, right angled at F, #5 the firſ# Caſeof R,P, - 


Triangles, | 

Wy Logar. 
As bÞd the fine of go 4d, «© I 0000,00 
T5 to the fide bd 6130 0790.99 
So i the ſine of bd F 58d, 16, 57. 19929.75 
Tothe fide bF | gn X0720.74 


Andagaine, in the triangleb eF, by the ſeventh Caſe of R,P. 
Triangles, + i 


Logar, 
| eMstheleſſerſeement be 3319 0581.95 
Is to the ſame line as radius | 1 0000. 00 
Ss # theline bÞ $337 _O720.,74 


To the ſame line as tangent of the anglebeF 544.,0,10138.79 


the reclination deſired, : 


Laſtly, in thetriangle gp c, by which the Rhombe Z XTO_ 


2czoyning to the Welt plane 1s cut,if you ſuppoſe the ſide there- 
of c nto lieupon theprime verticall cb, and to be movedupon 
the center C into 1ts due poſition atn , then ſhall cnbe paralell 


 tod m,and(o the ſides and angles of the two triangles d b m,and 


c b n, proportionall each to other,and conſequently the declina- 
tion of both planes the ſame, which may be found by the ſeventh 
Caſe of R,P. triangles, For | 


4 


md 011 ares 1" PAPER we" pro ge geoy -_ IIS” of gn OOF TOME; : 
SE es de. Eat IDES ed Ae. 


es mo te Tony er Per II -- 


dd ana, - - dw ” Oe. OR Here args 6 
ANG ; - rg LS, yp . 
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PR Logay, 
As cb the leſſer ſegment. 3219 ©5871, 95; 
| 1s to Cb as radius I 0000, 00, 
| So z2bnthe greater ſegment 6180 0790, 9 9, 


Tobnas tangent of the angle b cn 58. 16, 5 7.10209, 04, | 


The declination of the Rhombe defired:Or if you will make 
nb the radius,and ſuppoſe the line of declination n g to lie 1n the 
Meridian n b, and from thence to move upon the center n into 
its due ſituation, then ſhall b g the ſide of the Cube, become the 
naturall tangent of the angle bng, yeelding the ſame as afore; 

becauſe nb is meane proportionall betweene bg and bc, Vanto 
either of theſe lines of declination ng, or nc draw a perpendi-, 
cular from b, as is b H, which will fall upon the line bÞ, becauſe 
d m, & c mare paralels; then ſhall b H be the naturall tangent of 
the inner angle b g H, making b g the Radius, the reclination of 


_ theſaid Rhombe: which isthusfound.In the triangleb H c,right 
angled at H, 5y the firſt caſe of R.P triangles. ; 


| _ Logar; 

Asb He, the pneof 90d, ©. 0”, 1oo000, 00 

© Fs tothelinebcthe leſſer ſeement 3319 0581.95 
Soi bcH the ſineof the declinatio 5 84. IS. + 8 9929.75 
To thelineb H — , $49 | 0511.70 

And againe, by the 7 Caſe of R.P. Triangles, 
| \ Logar, 

As thelimegb 10999 1000,00 

Ts to the ſame line as radins 10000 00 

So 2 the tize b H 32149 «Or LT. 7 


T » the ſame line as tangent of the angle beH? < 
the rechlination deſired, £ 184 : O, 9511.70 


Theſe things being prepared, ſix Dials (beſides the ordinary 


ones) proper tothe (ix planes lying betweene the a ry Z 
—- Out y 


Sd a carried Rex. 5 
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* Sonth, North,and Welt or Eaſt planes, ſervefor the whole ba- 
dy , whereof three are South declining reclining , and three 
North declining reclining alike; the firſt for theplane OPST, 
is to be made by the example of the 16 Chapter being, a South 
declining Weſt, 20d. 54,18", reclining 30d. ©. the particu- 
lars whereof, with the houre diſtancesfrom the Subſtile , areas 
followeth, 


: | He Fo | 
Houres from Houre arches | | Hovures frem { OMG arches 
the ſubſtile, |} on the plane» | | the Subſtile, | on the plane. | 
: 
Hoxgres, d ; | Hoxres. o 
"1 Rs £j Q at :  & WS} 
F £ x 132i} 06:23 8 an 
| \ 722251} 4. 0 * 3 + x8 
| : | 3 4 : 9 a 3 ; 3 IS 
 '. $3} & 0 + TT + 221 
Z $$ - {1 8 «40 7 53] 
2 e IO 4 6 | E? Fd 26 : 
x | | 
EO, 9 17;:} 7-2 © 3} 
2 - 0} us ed 5 13 #1 
E 17 $7} 6.6 | 1 vn 
4 . 8| 27 59[| 5 - | 30 48] 
- 
I "II 3 | 3 + 7 64 3, 
= Le 0 = 3 | 


OPNT aid KPNC South reclining 39d, o', o', 


Declining Eaft and Weſt . 85 $4. 16 
I Thearchof the plane betwixt the Meridian 
and Horizon. 79d. 11'.16', 
2 Thearch of the Meridian betwixt the Plane 
and the Zenith, 331-44 2 
| 3 The heighth of the Stile or Pole aboue - 
_ the plane _ @ 36 4 


4 Thediſtance of the Subſtile frem the Meridian 12 5 40 
5 Theangle betweene the two Meridians, 18 +7 


d [0] 
rs ou Er ps TD EE ER 


ECATTINS CSEUESS RE mas: 26 ah. 294.79 
oy 0 


ag: os 5 I" Wa 


I CE ome cu—— OI Rc. ns o—_—_ —_— I 
® : 


age womgornonmn— Wer nat 13 — 


m— —— 


__ ME | Pitt] | 
 Houres from | Houre arches | | Houres frem | Honre arches | 
the ſubſtile. | on the plance-+ the Subſtile, on the plane « 
| ; mY ws = ———_—_———Rn_———_y Ge nowd wounwrmas 
& | Honres, © T1 | iflowres. | © © 
LS. [| 43} '- | TL 36 
EE HIS 4] 9-3 1 58) 
$ | nm. x| 8 34 * | 
. = |{-8$,4 | 1 13] 
L203: 121-116 30 > 16 3: 
; | 
; E 1 745} 27+} 
Ls -.ir|-R6 48; {| = 26 3$S| 
8 31] 5-65| 33 19] 
| 2 . ro] 41 58S, |} : 417 4+] 
| . RS 371 5+ 7 0 OP 
2. 9 | PF-- 50 | 5 65 32 | 
- 414 . $| v3 07 | 
Id : 1 = 


Dechning Eaſt and Weſt 58 16 57 


1 Thearch of the plane betwixt the Meridian . 
and Horizon, 37d. 22'. 3% 
2 Thearch of the Meridian betwixt the Plane 
and the Zenith, 
3 The heighth of the Stile or Pole aboue 5 
the plane 26 10 [33 
& Thediſtance of the Subſtile from the Meridian 16 29 25 
5 Theangle betweene the two Meridians. 47 - $3 33 


69 5 42 
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| The. South declining Weſt OTXZ, 584.16'.'57', dath al- 
recline 1 8d, and 1s to be made by the example of the 16 


| Chapter, the particulars whereof,with the hoare diſtances from 
| c<cSabſtile , areasfolloweth, | 


EOS FH” bo 


Pa Ds _ 


— 


| | | 


 Houres frem Honrear: | | Houres from | Houre ar- 
the $ubſtile; |; ches on the Sublile. | ches on 
| | the plans E rhe plane. Z 
| -_ 2 (cm vi | Som _— eres 
| Hoxres «— 4+ 1 er} ET | 
- [oO FLO 4] 0 24 
| 9 3] 0 364 F a rn 
= i 111 3 $ | 3 
16 | 3 47) 'S | 2 8 | 
= 70 $ 7 6- 6] #® © | 
8 | F . 
rr. TI] 3 13) | 3 JS. 
2 {4+ 12 5 4} I; 
[33 | IS. 1 28 = 2 
|» 7 199 [4 Re 
I 1110 I 8 = #2 TS 
. 116 7 _ 91.34 7 
2 IO, 24 _ A 5s 54 | 
| 
EL - | 


OTXZgmndKCD E, South reclining 18d. o, 0”. © 


Declining Eaſt and Weſt #, 16 i4% 
I Thearch of the Plane betwixt the Meridian and 
the Horizon. 


« 


2 Thearch of the Meridian betwixt the Plane and 


3 Theheighth of the ſtile or pole above the plane 3 57.40 


4 The diſtance of the Subſtile from the Meridian . 5 28 $_ 


5 Theanele betweene the two Meridians, 9 54 11,33 
- The 


639.26', 6', 
the Zenith 31 43 3. 5 


—— OT” Ora Erna Ons id dT mn or oo un on A 


__ 
WO Ay Ty, TI vo 
My , I WF I neg hey OS my ee rr F 
_ OC * 57000 
—_— —— ———_ — " = de, bo 
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The North declining Weſt 20d. 54'. 18", adjacent to: the 
North Rhombe, doth alſo recline 30 d. o'.0', and is tobe made 


b 
* hourediltances from the Subſtile, are as followeth. 


— —— IE FY ———_—_. 


A—_— —_—_. —_——— — 


| Houres from Houre ar- Houres Pugs t Houre ke 
| theSubſtile., | ches on | the Subſtile, | on the plane. 
= the plane. De | 
TT, LS Ih oo > Þ 
| Homres. | bs : Hoares. ns 
1 $137] 9- 3-[ 2. 5. 
[0 . 2 | 121231: = 7 49 

| 5: | I'9 3 | 8 i + 14 335 
LE 2. 1x 26 II 5 [31 2306 | 
| ISS 7. $] 28-29 | 
| I2' , 13 | 40 37 ' 1 35 8 

| ; = | 48 8 ©. 61 43  Þ 
LI . It] $5153 | E | 50 38 
2 3 GW x| il 5. 7j| 58 27. 
1 # 120 | 731 ©f | x | 66 28 | 
x. wo 4/4 1 $- | 740 | 
| = '®, = 2 
AMY 17 

North rechiniy 14 304. 
Declining Eaſt and Weſt 204. 14, 18". 


'1 Thearch of the plane betwixt the Meridian and 
the Horizon 
'2 Thearchof the Meridian betwixt the plane and 

the Zenith 3x 62-3 
3 The heighth of the ſtile or pole above the plane 63 28 31 
4 The diſtance of the Subſtile from the Meridian 40 36 56 
5 The angle betweene the two Meridians 43 47 


The North declining Weſt 5 84. 16'.57" adjacent to the 
horizontal, doth alſo recline 5 4d. and} is tro be made by the 


CX- 


the example of the 1 9. Chapter, the particulars whereof with 


79d.I11'.16", 


e 
l 


hb heats a 


kn hd "Ret GEN "I_y Lenna pp — 


_— 
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-xample of the 20 Ghapter, the particnlars whereof, with the 
houre diſtances from the Subſtile are as followeth. 


Houres from He ods | Houres ba Houre arches | : 
the Subſtile, | on the planc. { che Subſtile, | on the plance | | 
| Hoares, ey =, Homres; | © | 
| $4} =. 5. . EE. x7 | _ 
| 5 | bo I 2 f « $ IO 27 | 
9. 3 14 30) A | 16 48 | | 
7 =, 9 59| 6, 6; 233 20 
10 ,: It 27 46 = | 309 o7 | 
2 | 34 39 S- 7. 3" 12 | 
itz: t- 44 + | 44 38 
T 49 36 4. $' 33 a7 
12.13} 57 4%] |* * 1 a 
[4 E 8 3. 9 69 3: | 
| 7 £8} 74 3B : 8 3) | 
O | 83 $I 2 4 bs 87 5 | 
| | "29 | | | 
North reclinins 544. 
Declining Eaſt ana Weſt 584,16. 57". 
# Thearch of the plane betwixt the Meridian ] 
- ad Homo. . 376d; $2.29. 
2 Thearchof the Meridian betwixt the Plane . 
___andtheZenith. 69 5 41 ; 
3 The heighth of the Stile or Pole above the 
Plans =. 2 44 40 T8 
4 Thediſtance ofthe Subſtile from the Meridian 57 49 4 ; 
5 Theangle betweene the two Meridians 62 24 28 


The North declining Welt 58d. 16'. 57”. adjacent ro the 
Welt Rhombe dcth allo recline 18 d. and1s to be madebythe 
TX- 


C X _ 


- 


LH 


” Is - 
— $0 Ns DINE PROEOT \P on "4 , . $48 "0 , 5 | : 
ay dealt: Wes Dn te ta l a ir ol, Mw 3. & Cn ks: 6 beer hos” «£5 # { 


 * 4 Thediſtanceofthe Snbſtilefrom the Merid: 65 
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example of the 19 Chapter, the particulars whereof, with the 
houre diſtances from the Subſtile, are as followeth, 


cd Le ant cmd 


—_——— 


Houres from. 
the SubRile. 


—— 


ME — —_——_— 
CT ECT 


H OHYES, 


Hoare Ar- 
hy on the 
[ plane. 


Il | 


Houres from | 


the SN” 


If Onres. 


Houre ar- 
ches on the 
| ena 


| 


+ + L080 
i} > & 
el 


x 
4 


od bas 
you 
to 


by.” 


Worth recliniy 


Declining Eaſt and weft 


- 36 
 $84.16'. 57"; 


1 Thearchof the Plane betwixt the Meridian 
and Horizon. 
2 Thearchof the Meridian betwixt the Plane 
. and the Zefiith. 


3 The heighth of the Stile or-Pole bore the. 
Plane 


624; .26. 6, 
31 
35 


13+ 3, 


34 18 
59 311 
11 40 


"' The angle berweene the two Meridians 76 


CxAF, 
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Cuaye, XXV. 


Haw to deſcribe the Paralels of the Signes and airrnt 
 ' - arches wpon any of the aforeſaid 


Planes, 


þ P 2, Any ea one may bes 
VC /AFAS elcrided upon every ſort of Plane , a. 
WYZ./4 I-74 mongſt them, Ihave madechoice of (ix, 

VI, : op v7 

Firſt, the paralels of the ſignes, ſhews- Þ 

TN/D} ing what part of the Zodiacke, the Snnis | 

tr, 2 inatall times of the yeare; F 


, 


"SEAS, 


"G Jo | | , 
Vl 2 F4GP Secondly, the diurnallarches ſhewing 
the length of the day and night. throughout the yeere. 
| Thirdly,the azimurhs or verticall circles, ſhewing what quars 
ter of the World, or what point of the Compaſle,the Sun is in ar 


any time of the'day.. 1. 

Fourthly, the Almicanters or circles of altitude? ſhewing the 
proportion of ſhadowes , and the heighth of the Sun aboye the 
Horizon at all times of the day. ; 

Fiftly, the Tewiſh or old unequall houres, 

Sixtly and laſtly, thecircles of poſition, chiefly thoſe of 30d, 
and 6o d, which with the Meridtanand Horizon d:Ringuithin 
the upper Hemiſphere into fix parts, commonly called by A- 

ſtrologians the houſes of Heaven , will ſhew atall times of the 
day, which of them the Sun poſlefleth, Amoneſt theſe ſomeare 
great circles of the Sphere, others are ſmall ; the great circles in 
all ſorts of planes,are repreſented by ſtraight lines, the ſmaller are 
deſcribed by Conick ſeftions : and they are either Parabolas, 
Hy perbolas, or Ellipſes,only the fignes and diurnall arches in the 
polar , and the almicanters or curcles of altitude in the horizon 
tall, areperfec circles, | 


1 7 Polar” 
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Polar, 


RIF We" _ my ren 
' S. AE"; REIT "OO hs IRE Es» Pb 7 = 


ADOVVES, 


Now therearethree various deſcriptions of theſe paraleh, 
according as the planes(on which they are proje&ed)do cut the 


acis of the World,rightly obliquely;orare paralell there to,l jj 
begin with theeaſieſt, which is the polar plane,in whichtheay 
© being cutatright angles, the hourelinesdoe meet with equi 
angles 1n the centre,repreſenting the pole of the World,and th 
paralels deſcribed upon the pole, muſt therefore of neceſſity (4 
ble to the Globe) be perfed circles, leaſt about thecente, 


cea UT AD 
os greateſt neere the periphery or limbe » the ſtile of this Dy 


may beany ſtreightprime, or wyer, whoſelength inreſpeRd 
the houre lines 15 arbitrary, but the apex or top thereof » Stving 


ſhadow upon the circles of declination , will enforce a propor 
tion between the length of the Rile, and greatneſle of the plan 
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15 is ſufficiently declared in the ninth Chapter aforeſaid: where- 
tre firſt make the Trigone AFR Sg let the middle Line thereof 
a EY repreſent the EpuinoQtiall,thereſt thedeclinations of the _,? 
$1gnes &T ,A1,9% 3 My bs and their oppoſites) ſet oft by £356 telpe | Ws 1 
ofthe chord both wayes from E, the diſtance of 11 d.31'. 204, 
13.and 23 d. 31. thearches ofdeclination , and draw ſtraight 
linesfrom A thorough thoſe points. Let A P £quall to C B, the. 
length of the ſtile in the Diall of the 14 Chapter, drawne-per- 
endicular to A E, be given in ſome knowne parts , ſuppole 37 
Lendred parts of an inch, from P draw Þ D paralell to A E crof- 
ſing the fignes in B C D; theſemidiameters of thoſe paralcls are 
PB, PC, and\PD, which I defire to know; in the triangles 
APB,APC,and APD), the angle at Þ is a rightangle, the an- 
gleat A are thecomplements, and the anglesat B,C,and D, are 
thedeclinations themſelyes of © 1 and & &c. wherefore by the 
i [econd Caſe of RP. Triangles. 


_ | Logar, 
Aithe fige of ADP the declination of 0d. 11, 31',49300,28 
15toP Athe length of the ſtile in parts 37 "—0431,90 | 
W 5-4 the fine of DAP, the compllement of = ps = 
the declination © © oe: 73 29. dl EF | 


Tothe line PD the Semidiameter of "M] | 
TRF 
circle of declination, for 0 d, of © , __ "20 OI BOD 


In like manner you may findP C to beone inch, and P B 85 
hundred parts of an inch , wherefore take of aſcale of inches, | 
8;, 100 and 181, and at thoſe lengths draw the circles in the IF 
Diall of the 14 Chapter & AM, 609, S158, ſohaveyou 
the paralels of the Northerne ſignes for the upper face of this - 
plane, unto which the Southerne paralels in the nether face are 
equall :and thus may you, if you thinke fit , put on all the decli- 

Nations betweene = and the cenrer, | 

Bur it you will worke by naturall tangents, you need not the 

bolution of any triangle, becauſe P D is a tangent linsto A P.Ler 
AVPequallto the ſtile be radius,ſppoſed to be divided into 1 00 
$009, @r 10000, -parts, then isP B 2248P QC 2715 and PD 4908 
ES FF 3 
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thenaturall tangents of the complements of the declinations « 
5 TT, and F b 'y the ſecond cafe of R.P, triangles. \W herefore di. © 
viding a line equall to the Radius AP {as in the firft” Chapter)! 
or opening the Sefor to thewidett of. A P, you may take; 
theſe tangents, which are the Semidiameters of the declinati.. 
ons, and with them-draw the circles aforeſaid without any cal. 
culation at all. DOT ; 
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The fecond ſort: Eaſt and Weſt Equinoliall reclining, 
 Equinetliall reclining declining, = 


2 Henextſort of planes are ſuch ascut the” 
j, Aquator atright angles', and therefore 
are paralell to the axis,as are the Eaſt and 
Welt dire, the EquinoGiall reclining, 
and declining reclining'to the pole,” In 
DAT [IV theſe the paralels of rhe ſignes and diur- 
WD) NEXZWP nall arches are thoſe Conicke SeRions, 
> ID > 2D which are called Hyperbolas, and maybe. 


as caſily inſcribed as the former, yet herein alſo , becauſe thea- I 
ex or top of the ſtile (or ſome Nodus equiv alent in the paralell 

| Rile)doth ſhewthe paralels drawn upon theſe kinds of Dials,we 
muſt of force proportion the ſtile to the plane (as is at large dif- MW 


+courſedin the ninth Chapter.) Let A W in the Diagram afore- 
{aid beequall to A.L, and A B, the length of the tiles, in the 
Dials of the ninth and thirteenth Chapters ; which being made 
the Radius, ſet the diſtance from the rop of the Riles at Land B, 
 - tothe interſection of the houre lines and Z£quator ( which 
= callthe ſecant of each houres diſtance) from 6 or 12 of clockytt- 
- Aſpedtively, inthe Dialsof the aforeſaid Chapters down wards 
 fromA,inthelineA EY of this Scheme; ſo ſhall AF be thele-' 
 __ cantof 45 d,*1414. equall toL9,andB 3. and fo ſhall AE be 
the tecant of 60 4, 29co equall to L 8, and B4 in the Dials oo 


% 


* Wo oo 


perpemi | 
| angent CE LVD 


£1 


KH 


aid, &e. by which points F 3,and E 4 draw paralels to A Þ vy 
or perpendiculars to-A EY, and they ſhall repreſent the houre 
| lines ot 9 and 3,and 8 and 4 in the Dials, crofling the paralels of 
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co wemy as F3 to aF, and Exato AE, and 
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Theline HS K ſhould be joyned t0 the former Scheme, as a Tangent line #t S. 
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(id, &c. by which points F 3,and E 4draw paralels to A Þ W 

or perpendiculars to A E Y', and they ſhall repreſent the houre 
lines of 9 and 3,and 8 and 4 in the Dials, croſſing the paralels of 
the fignesat Hb 3, anded 4 inthe Diagram, at theſame di- 
ſtances from F and E, that the hourelines doe in the Dials from 
the EquinoRiall lines thereof ; which diſtances are thus eaſily 
four in thetriangles A Ec, AEd,and AE 4,the angle at E is 
arightangle, the angle at cd 4are the complements and the an- 
les at A the declinations themſelves of & Ir S, and the {ide A E 
i; theſecant of 60d.the houre of 4.of clock, which in the Tables 
you ſhall find to be 2000 the double of the Radius AW, where- 
fore »y #he ſecond (, aſe of R, P, triangles, 


; Logar, 
As the ſine of the angle Ace 784. 29\, 000 8. $2, Ar compl, 
I; tothe line A EB 2000 0301.03, 


So #5 the fene of the angle eAc '$ 31 9300. 27 
To the line e c the diſtance of, EE - 

EY, | 04 O7 O9610.12. 
the par alic{ ORSS s ( ompl. ( harat.o. 


quaror | 


| Inlike manner you ſhall find the paralell of It-to be 73, and 
| theparalell of © robe 870 from the Aquator upon the foure of 
clock houre; wherefore if you open the Sector to the widett of 
AW (or divide aline equall thereto) and take of either line the 
diſtances aforeſaid, and ſet them both wayesupon the houres of 

8and 4 inthe Dials, you have points in thoſe houre lines, by 
which the paralels of the ſignes ſhall paſſe; doe the like with the _ 
reſt of the houre lines in all reſpe&s, =. 


os - 


But if you wil work by naturall tangents,you may with much 
more cafe and ſpeed performe the ſame : for making theſecant 
of every houre from 6 or x 2 of clockereſpeRively , to be ale- 
verall Radius (which is the diſtance betweene the top of the 
tile and interſeRion of each houre line upon the Aquator ) 
perpendiculars croſſing the. paralelles of Declination_, are 
tangent lines to them, as F3 to aF, and E 4 to AE, and 
| x, RR * = nn 


-_ 
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a 


conſequently the diſtances are ready given in the Tables q 
naturall fines and tangents, withoutany calculation at all,;whig, 
you may colledt into a table in this manner ; fo making A Þ ty 
radius , which is the ſecant of 5 d. for threeofclock 1414, Fy. 
is the naturall tangent of 11 d. 31 204, and F b 1s the natury} 
rangent of 204, 13', 369, andF 3 thenaturall tangent of 234, 
31'45; Inlike manner AE being theradius , which 1s thee. 
cant of 60 d. for 4 of clock 2000, Ec, Ed,and E 4, arethe any 
rangentsagaine, onely the ratius increaſed, and ſo of thereſty 

- thehoures; by helpe of the line divided equall to the radius, 

by the ſer, ſet theſe tangents both wayes from the Equine. 
ial! line of the Dials upon each correſpondent houre line (4 
you ſeedone in the example of the x 3 Chapter) where they are. 
prickt out (but not drawne to auoid confuſion )fo ſhall you bay 
points, which drawne together into one continued circularling 
ſhallewe the paralels deſired, OO 


/ | 

| | Equino- | 9 

Howures, | tall di= Tangents, | Secants, 

I ances, ; 
Wnt RY ' Ln a Wooemtos moons © Ric Racer” p _ m—— 

Mi p/ | | 6 | d 4 | 
[102] 84.30 © $77 1155 
| | = 3 23145 if | nocs I 414 
. & 4102 60 o 1 232 2200 
Z | 73 | II'T 7) © 3732 3864 
F bo. 7 TM 02s 
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CHa?e. XXVII. 


The third ſort Herizontall @nth aud North dire, 
declining , declining reclining, 


F the third ſort are the reſt of the planes, 
which cutting the axis obliquely, have all. 
 thehourelines mecting ina center upon 
) theaxis with unequall angles , as inthe 
2 Horizontall, South and North dire, 
, @ declining, or declining reclining ; in all 
| | 1K -/ which the paralels of the fignes , and di- 
T4118 W SJ 24) urnall arches are conick ſeRions, but not 
alwayes the ſame. Now becauſe the top of the perpendicular 
ſtile, or ſome nodus equivalent in thetrianguler ſtile, ſuppoſed 
tobe in the center of the earth, doth give ſhadow to thele pa- 
ralels, (as inthe former ſorts) it will be neceffary to ſhew, how 
toproportion the perpendicular ſtile to the plane, or to find the 
| paceofthe Nodusin a trianguler ſtile, there being no mention 
thereof needfull before, in projefing the houre lines upen any 
of theſe ſorts or planes ; Firſt therefore aſſigne the place of the 
tropique, furthelt diſtant from the center , moſt convenient for 
the plane, upon the 1 2 of clock houre or Meridian of the place, 
| inalldireRs, butupon the Subſtile or Meridian of the planein 
all the reſt, Let that be H in the horizontall for 8 , two inches 
diſtant from the center C, next ſeeke the Meridionall heighth of 
the Sun in each tropique upon the planes, which 1s alwayes 
- thas found : The heighth of the pole or ſtile above the plane be- 
inggiven 51d, 32/,the heighthof the Zquator is the comple- 
ment thereof 3 $8 d. 28',unto which adde and ſubitract 23 d' 31. 
lo have yon 614. 59'. the heighth.in S, and 149. 57. the 
heighth in 7. This done, ſuppoſe D G in the Dials of the fixr 
and ſeventh Chapters to be the perpendicular ſtile, whoſe length 
I would know itis manifeſt by the ſecond Caſe of R.P, triangles, 
thatif D G be radius 1000, C His a tangent line thereunto, and 
GGis 744 the naturall tangent of 38d. 28', the complement of 
- | FT 4 the 


LAs. © þ, 
111114 
We as 
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the elevation, and G His 3745 the naturall tangent of 75 d 33 
the complement of the Meridionall hezghth of the Sunnein%, | 
which added together , give the whole line C H 4339in 
parts of the Radius D G, wheygfore divide the Radius x 920009 | 
(increaſed with cyphers) by thE number 4#39,and the quotient 
will yeeld -2> (as inthe 9 Chapter more atlarge) or without | 
any other labour {eek the Arithmeti: complement of the Log.of 
45 +inthe Chiliades,which is 0343.03. & it ſhall give 2293, as 
fcrcſazd: This being found,divide a line equall to C Hinto 100 | 
parts (ain the firſt Chapter) or open the Sector to the width 
of C H,and takeofeither 22 hundred parts, which is thelength 
ofthe perpendicular ſtile D G , and mult be the Radius for the 
reſt of the worke : to which widct: againe a line divided , or 
the Sector opened, take of 794, the naturall tangent of 38d.28, 
which ſetfrom C to G , ſhall give the place of theſtile; from G - 
to the axis C Ddrayy 2 paralellto 6 uy .# which ſhall be the per- 
- pendicular ſtile deſired; from G to K ſet the naturall rangent of 
284. 1',532,the coplement of the Meridional heighth of the Sun 
in , and K ſhall be the point for Þ. From Gto PF ſet the na- 
tural] tangentsof 5 1 degrees,32', 1259 the heighth of the pole 
_ abovetheplane,and by F draw the ſtraightline v F=, paralell 
to the houre of 6, for the EquinoQtiall; From G to H ſer the na- 
tura}lrangent of 75 degrees, 3'. 3745 the complement of the 
* hetghth of che Sunnein @, and 1t ſhall fall upon the point H 
formerly aſſigned. Laſtly, C Dis 1277 the ſecant of 38 de- 
 grees 28. which giveth the place of the Nodus in. the Trian- 
_ guler ſtile, and > F is 1 07 theſecant of 51 degrees 32/, If you 
| ike better ro workeby a icale of inches, or for more certainty 
fake will joyne them together , then mult you reſolve many 
triangles to find theſe things, and firſt for the length of the ſtile, 


£1. 5, Re- 
eZ the tangents of CGandGH 4 453940656. 96 
#5 to the line CH tmimches | 200940301,03 
So # the Radius DG © +10000,00 
To the line D G inparts of aninch . 440, 9644.07 


Complement (, karat, oO. 
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The length of the ſtile being found in parts ofan inch, then 
by the 2 Caſe of R.P, Treangies. © | 


Logar. 
ef; DG the Radira t49006.00 
7:r0 DG wn parts 410 ——— "0355.93 
$9 75G C the tangent of 1 384.28'4+9900.09 
{9 GCmparts 350 Es 


Corple: charatt, ©, 
ed 
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- IE Co. od. -.- 
1 ednd/orrGR the tangentof 284. 1.. 9725, of 
 TFoGKinparts  234mnnn——_—__—m_—_—g 7,0, 
"Ando GFrbetargeutof . 5! , 32 10099, gr 
I ToGFinparts | $54 ————,9, 
i efnd/oGHrhe tangemt of © 75 3 109573. 46. 
ToGHaon parts LEY: - 0217.53- 
,  Andagaine, by the ſame caſe. 
 EDCGrbeſineof 51d. .32. 9893.94 
As And + ol 
F G the ſine of 38 28 \ 9793-83 
I: 18D Ginparts | 440—m—m—_—05, 9 
DG C 
So1s < And Prtheſive of 90 a. O' 1 0000, 00, 
| DGF ;” 
"ToD Cinparts $61IT ———o—— 9750. 33 
And 
ToDF onparts 7 OS cennennnang 9850. 24 


Comple. (bara. o, 


| Whereforeby a ſcale of inches, fetof 35 hundred parts from 
CtoG, and23 hundred parts from G to K, and 55 hundred 

- partsfrom G to F, and 155 hundred parts from GtoH, and 
355 hnndred parts from C to D, and 7! hundred parts from D to 
\  F, andyou ſhall find them juſtly to agree with the naturall 
| tangentsand ſecants aforeſaid, This being done, returne to the 
trigone C F c©,rcmayning the ſame with the former, croſle the 
middle line thereof CE at right angles in C, and let C Hrepre- 
fenting the axis of the ſtile, be equallroC D, and D C toD Fotf 
J _ the Dull;Make D F theradius(which is evermore the ſecant of 
{ theheighth of thepole abovetheplane)and to that wideth op 


The Arrof SHaDovves: 
the Sefor, then ſhall C1.C2, C3.C4.andCys. be the Sec- 
cants of 1.5 d. 30d. 45,60. and 75 d. the EquinoQiall diſtances 
of each hourefrom 12, by whic F_ may prioke downe the 
houre diſtances from C upon the &quator in the trigon, 


- 
l | 
Or rather making H C of thetrigon the radius, equallto CD 


the axis of the ftile in the Diall, which is the ſecant of 38 4.28', 


(euermore the complement ofthe heighth of the pole above the 
plane) CE ſhall bea tangent line to it : and to that wideth o- 


pen the Seftor or divide a line as aforeſaid) then ſhall CD, C xo 


C2,C3.C4.andCs, bethenaturall pe. and HD, hx. 
the complements of 


Es. DE os FEI eo 
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; tt {TSP "that? Logax, 
| Asthewhole ſineof 904, &.' 10000,00 
f ZQsrothe(ofine of bofor 4 of clock, or) Op 

of any other houres diſtaxte froms> Go o 9698.97 | 

13 ES 
So 7s the cotangent of the heighth of the pole 51 32 9900.09 


To the tangent of the angle betweene the 
e/£ quator and houre line "> . 21 49 O538.06 
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Wherefore if the angle C 4 Hbe 21 degrees, 40'. the angl< 
CH 4s thecomplement thereof 68 degrees 20'. but becauſe 
this were very tedious to be reiterated for every houre , I have 
calculated the table following, which ſpareth that labour, where 
in the common meeting of the houre and latitude the angles at 
D.1.2.3.4.and 5. areready given, waoſe complements are the 
angles at H defired, which may becolle&ted into a table, with 
their naturall Tangents and Secants, for more readineſle ke, ws 
in the example adjoynmg. 

— Now dividealine equall to C H ( as in the firſt Chapter) or 
open the Sector to the wideſt thereof, being Radius, and ſet the 
feverall tangents of this table from C downwards in the line 
CEY, and to thoſe pricks draw ſtraight lines from H, paſling 
 ÞByD. 1.2.3.4. ſo ſhall they repreſent the Meridian and houre 
nes on each fide thereof , croſſing the fignes upon the Trigon, 


i 


id "IM 


Ft PD _ ; | — | 2h hs 4 Bs _ | Fs 
2 Angles at Angles 'S Ss 

| Hoares, | the Equa- at ox. d angents Secants, 

| rr t——_— — e—_—_—_— NN nr | een | noone | 
{ - d / | = "A | 
LET. þS $0 33 |, 0215 - | x67 

OTTER $9.54 30 |. 1399 | x68 

T0 2 [34 $3 55.28 | T0453 1764 

1 9 329 ' 20 60/40 | 178 2042 

= 421 40 68:20} 2517 2708 | 
5 ir 37 78123 | 44 | 4266 | 
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 .c thefamediſtancesfrom H, that their paralels will doe from 

| Cthecenterof the Diall ; if you like to puton theſe houre lines” 
þy a ſcale of Inches, worke by the ſecoud Caſe of R.P,T riangles./ 


For | T7 p | : 1-4 Logar, 3 
4; CH the radins m the trigon. E + -I0000,6089 
| 7;c0thelineG H equalltoCDthe ax? a VEE 021 > 

bs a. (50D DOT ER 
of the ſtile 74 SD ur Eons t: bckt 


Fo 5 C4 the tangent of the angle C H 4 68 d,20', +10400.91 


a _ —_ -——— 


To the line C 4 inlike parts of CH © " [x48 +0150.64. 


Therefore C 4 isone inchand 42 hundredparts next hand ; 


and ſo of the reſt, lf 
Now if theſe lines. be preſumed to be truly drawne without 
errour, (which is hard to doe) you may from this Trigon thus 
drawn,prick down the paralelsupon the Dials:but for the arith- 
meticall worke (which I rather with you to truſt to) it were 
ſufficient to draw theſe lines by hand, ſomewhat neere the mat- 
ter, onely to helpe the fancy in the reſt of the worke , which is 
thus; In the triangles CG H, CBH, CKH, and CLH=%e. 
the angle at C is alwayes given leſſe then go d. in the ſignes be- 
tweene H and the Zquator , and more then 90 degreesin the 
reſt, the quantity of each paralels declination ;- the angles at H 


are found in the table aforeſaid, and theangles at G;B.K.and L, _ 


are the complements of them both to a Semicircle, which bein 

found, the proportion is plaine, by the firſt caſe of O.P, triangles: 
For as theſi nes of CGH, CBH, C KH, and C LH, are to the 
line CH <652 inparts of an inch : or rather to the Radius, 1900, 
{o are the {ines of the Diall upon the houre lines of 3and 9; for 


more plainnefſſe thus, CES 
The angle CH G 25 \ God, 40 
The angle 1 C G the complement of the aecltnation 66 29. 
Added together | > = © 
Therefore C G H the complement to 180 4, ts - FE $0 
\ REOvar: 
As the ſine of the angle CGH | x6. 37, 9002.49 
T5 to theline CH 1900”. CO00.C0 
So ts the fine of the angle GCH 66. "Þ on 9962.34 
To thelimneH G Pi;o. 0060.85 


From 
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From a line divided equall to C H, or off the ſe&or (openeq 
tothar widelt) take 1 length, and 15 handred parts of another, 
which ſet fromthe center of the Diall,ſhal give the points aang 
 bupon the houre lines of 3 and 9 of clockof the horizontall for | 
the tropique of S, do the like with the reſt,varying the angle 
C according to the declination of the paralell, which is alwayes 
acuce for the lignes betweene the point H and A quator , bs 
obtuſe in the relt 5 you may yet Goren this worke after this 
manner, and eitker calculate the diſtances of all the paralelsat 
once upon each houre line by irſelfe, or of each paire of paralels 
upon all the houres together; as in theſe examples following. 


The angle C 3H, in the table above writ 2 9d.20', (Covfineg, 
fe £5 EAHA 


T he declinations of the paralels with their) 23. 31 9962.34 


Coſmnes, . -  } S230, I3 9972.38 
| II. 31 9991.17 
Arnh,Compl, 


T he arch of the hoxre added to the decli-2 524, 5x', 0098.61» 
uation with the Arithmetscall Comple- >49. 33 0118.63, 
went of each ſine, to auoid ſubtrattion, 40, 51 0184.36. 


Diſtances from H. or from the center of 
the Diall, 


Logar, 
'x190 S HG F0060 ,85 
1234 Tx AHB ____ Fo091.01 - 
1 498 | TH HK -— "FI175.53 
The declinations ſubduttcd out of the) os d. 49', 0994.19. 
arch of the houre with their Arithme-> 9g #7 o$00.11.' 
r16all Complement allo, | 17 49 0514.31, 
—_ nAN X0956.5 . 
- 3 eg £3 HM | 40772.49 
" tra MAXHL X05 05,48 


, Adde 
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Adde the Coſine of 11 d.z1'. unto the Arithmeticall Com- 
plement of 40d.51'. and 174. 49'. fo have you new Loga- 
richmes,which found in the C/hi/iades, gives 1498 for HK the 
diſtance of & and WV, and 3102 for HI, thediſtance of m, and 
x, doethe like with the Cofineof 204. 30, for 499. 33'. and 
9d.7.asalſo with the Cofine of 23d, 31', for52d. 51'. and 
5d. 29'. ſohave you the diſtances of the reſt of theſignes, viz. 
HG for &, 1152 and H NforZ 9048, HB for It 4 1322, and 
HMfor Z = 5922, all which being ſetfrom the center of the 
Diall C upon the hourelines of 3 and 9 give you points for the 

ralels of the ſignesin thoſe two houre lines; andthe like muſt 

done for thereſt. | | 

In calculating each paire of paralels together , you may make 
uſe of the former table, which here I tranſcribe. | 


—— L — 


— —_— — 
_— uth—_ Gn 


| Angles at a les | 


—} 


| 


Hogres, \ the Equa- at H, | Tangents | Secants, 

for, | = | 

= HEEL TT. be 
12 of 38 28 $51 323 | 1:53 | 1657.HD 
[17 1] 37 30 52 30 | 1393 |1643-Hr; 
[10 2]|34 32 55 28 | 1433 | 1764H2; 
9 :3]29 20 60 40| 178: [20aH3) 

| s 4 | 217 <0 68 20} 25t7 2708, H of 
| 7 . 5 *21 | 37 78 23] 488 qty) 


"I ha abi mn. ad 


Thenadde 23 d. 31', the declination of © and c& unto cach 
houres arch, and ſubdu@ it from them , unto the Arithmeticall 
Complements of the new arches made by addition and ſubtra- 
Axon, adde the coſine of the declination (ſo have you new Lo- 
garithmes, which found in the Chili ades, will give the diſtance 
of thoſe two paralels upon each houre line from the center of 

the Diall, But if the Diall have no center upon the plane (as in 
the example of the 11 Chapter)or that thelinesbe to long from 
; t the 
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___——————— —— 
Pecline-"2> Figpera Core, 1 | 4 
tend Vp. won. Ni! (Lines from |Lines from| 
 B 7 Comple- |Logarith, the Center the Equa-|Moares, 
—_ _|[.. :wnet. ; L.- RR | 
4 * mprone# knoay ol Cn —_—_ —— —— 
= +. OS 0 F 


$0239. 96[70202,30 193 [3373 =" 4:9-'q 

| 110149.13/F0111,47 119% 11416 8 4 
Ipo/erh 52 51 0098.51/Fo060.85 1150 o89o | 9 3 8 
2 

I 

0 


Ibheſe,, 57 30071:33/f0033.6719% joilz JIo 
1 G61 10058.11}F0020, 45 1048 we ER al 
G1 59 0054.17|£0016.47 1939 0598: -"7" 30 
| mo, 1 


8 87 
s 3 
FE 
8 * —————_— | — — PIR NF. Wh + — i. 1 
'S 7'Y : Gs i tain $7 tammy. can - EE INE 
4x na - | } | ; | 
% ' 
'* 


T | | 
jpffe | 5 490994.19/10956.5 399488 [7006 |9 3 
_ ofthe 51 1 O718,75|f0681.094798 13934 110 2@ 

" dea- 1.2 $9,0616,83|205 79:17,3725 {2157 i 1 

Wy” 14 5 7.0588.42/X0550.76|3 $54.H.2 '1997.D.22/12 0; 
y the center, abate the lines of each houre from the center , asfor 

12, 1929, with thereſt belonginz to ©, out of the ſecants & 

the ſame houres above written ; which are the diſtances from 
the center to the Zquator: and the ſecants themſelves , outct 
thediſtance of the houres, as for 12, 3554 with the reſt of the 
lines belonging to c&.So ſhall you have new lines to be ſet boti 
wayes from the Equinodtiall, as formerly from the center; Thus 
it you take H 3 of therrigone 25:0, out of H L 3302, there will 
remaine 3 L, 11%, from the Zquator to mt, and if you take 
HD. 1007 out of H c& 354, there willreſt D c& 19%, the d!- 
ſtance of 72 from the Xquarorupon the 1 2 of clock houre ; and 

ſo of the reſt, The paralclis upon the 6 of clock houre, H ©%& 

are the very ſame with the polar, whoſe diſtances from the cen- 
terare Hd S 29, HI 271, and H & 491, the naturall tangents: 
of the complements of the declinations of S&r and & making 
C Htne Radius. Of all which T have diſconrſed the more at 
large, occaulſe tie ſamerales will (ſerve in the reſt that follow. , 
| South 


by 
> Wn 
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i EN Soath- wir, North dire, 


In South and North planes the heighth of. the ſtile or pole a- 
bovethe plane is the complement of the former above the Hori- 
zon:if therfore CH 2 Inches the diſtance of S from the center, 
in the Diall of the ſeventh Chapter , be thought convenient for 
the mnt find out the length of the perpendicular.ſtile G D, 
a5 atore, which being Radius, G C ſhall be 1259 the naturall tan- 
gentof 51d, 32', and GH 1872 the naturall tangent of 61 d. 
59, the Meridionall heighth of ©, (becauſe CH is a tangent 
line to the Radius D G.) Wherefore | 


| a | Logar, 
eAsC Hboth tangents together _ g138 40496.65- 
7s to C H twoinches | 240: +0} 10.02 
Sous G D the Radis I + 0000.00 
ToGD inhundred parts of an inch 650 -9813.38 
Comple, ( haratt. 0: . 


Or yon may find the length of G D by the Arithmeticall com. 
plement of 3 138 as before; take 65 hundred parts ofa ſcale of in. 
ches, and open the Sector to that width, then ſet 1259 the 
naturall tangent of 5 1 d, 32', from C G,and by it draw the per- 
pendicular ſtile G D, paralell to 6 C6, fet #57 the natural! can« 
cent of 144.57. the meridionall heighth of 7, from G to K,, 
and K ſhall be the point, by which the paralell of c& ſhall paſle : 
(et 704, thenaturall rangenrt of-38d, 28'. from G to F, andby F 
draw aparalell to 6 C6, which ſhall be the Equinoctall : ſet 
18:5, the natural] tangent of 61 d. 59. the Meridionall heighth 
of S, from Gto Hand H ſhall be the point, by which the pa- 
ralell of © ſhallpaſſe, Wn”, 

This done, returne to thetrigone, and ſuppoſing the houre 


lines of th&horizonrall to be taken of, ler C'S beequall ro C D, 
_ theax1s of the ſtile of the South Diall; and C 2 equaltto D F che 


V Radins 


I cn - GU 
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 Radiusofthe Equator thereof; out of the table following take 
the oe of the hourearches , under the latitude of 38d. 28'. 


4 a; hg Try ou T7" 


(which 1s the heighth of the ſtile above this plane) and colle& 
them, with their naturall tangents, and ſccants into atable, for 
more eaſe ſake, aSinthe example, ee” 

nent nn nn _ T4 

Angles | Angles | 4 

Howres. | atthe E- at $, | Tangents.) Secarnts. | 

| quator, T9 | | | 

eo La * | - | 

= olsr [22 36 28] 794 177 | 
iz T[50 30 39 26| 3:2 1395 

{ tO 2[47 28 42 32| 917 7357 | 

| 9 3[41 39 48 21| 12% Isos | 

| 8 4[32 11 57 49| 1589 | 177 

| 7 $ inns 2 7I J8| 3972 gaz7 | 

| | | 

noel ) 


- Then making CS Radius, C E ſhall bea tangent line to it: 
wherefore ſet the tangents of this table from C downwards, 
upon the line C E Y , and you ſhall have pricks therin,by which 
ſtraighrlines drawnefrom $ (as is the prick line S 2, for 11. 
and 1 of clocke, and S Ofor 8 and 4 of clocke ) ſhall give the 
houres of the South Diall, croſſing the paralels upon the trigon 
at theſame diſtances from S , that they will doe from the cen- 
ter of the Diall, the length of which lines are to be found in all 
reſpe&s as the former were , and therefore ncedleſle to repeate 


_ the worke againe, 


South axd North recliners; 


| Ta South and North recliners, the rules of the horizontall doe 
| 7 | TT - 


_ 
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exaQly hold withour alteration art all : for ſeeing that'all their 
varieties, except the Polar and Equinodiall, are the horizontall 
Dials of thoſe plates, where the pole is elevated, the heighth of 


' thei {tiles above the planes , thetiiles for the horizontall in one 


latitade will agree with the rules for the ſame plane in another 
latitade , and therefore there needs no other precept for them ; 
' now as ih the former kinds , ſo alſoin theſe dire planes, the 
korizonrall line is alwayes a perpendicular to the Meridian , or 
paralell to the Equinotiall, and ſix of clock houre, and muſt be 
_ drawne thorobgh the foot of the perpendicular ſtile, whereſoe- 
ver it be placed;neither is ituſefull ro draw theſe paralells or any 
other linesor circles paſt the horizontall line : ſeeing the Sunne 
aid conſequently his ſhadow , doth alwayes riſe andſet there- 
UPON 2 | 
Sonth and North dechning. Eaſt and Weſt reclining. 
South and North declining ” 
re cloning - 


The reſt of theplanes, are cither South and North declining, 
Eaſt and Welt reclining, or South and North declining recli- 
ning ; inall which the manner of inſcribing the paraſels of the 
Sanne is one and the ſame ; whether you worke with the houres 


proper to theplane, or by this briefer way, which I preferrebe- | 


fore the other. . 

_ Every one of theſe latter planes is an horizontall plane, to 
ſomeplace or;other agreeing in longitude with the angle be- 
tweene the two Meridians ; and in latitude with the heighth of 
the ſtile above the plane. 

Wherefore ſuppoſe the ſubſtile T Þ T L of the declining Di- 
all in the x x Chapter, and C Gof thedeclining reclining Diall 
in the 17 Chapter, to be (as indeed theyare) the Meridians of 


the horizontals, in longitude and latitude proper tothem 3; upon 


which firſt of all pricke downe the place of the perpendicular 
tile, the two Tropiques,and Equinotiall, which by the heighth 
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of the Sunne in thoſe points upon the ſubſtile 1s.cafily attained ; 
in ths Diall of the ſeventh Chapter, the heighth of the ſtile , or 
pole above the plane, being 19 degrees 25', the heighth ofthe 
EquinoGtiall is 70 d. 35', the complement thereof, to which 
 adde and fabtradt 23 d. 31'. the declination of the tropiques, fo 


hav 


ou 94.4. 6'. whote complement 85 d. 54'. is the heighth 


of the SunneinS , and 47d. 4. the heighth in . Now be-. 


cauſe the Ec.unodtiall is alwayes a ſtraight line, cutting the ſtib- 


{tile 
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(ile atright apgles,; firſt aſſigne the place thereof, where you 
will, burfo ne hg crofle moſt of the houre lines, and and 
convenient for theplane, as it doth at G in the Diall aforeſaid ; 
Ne the denaliboft CGinſome knowne parts,ſiippoſe 222 that 
is two inches,and 17 hundred parts; by this line proportion the 
reſt; for by the firſt and ſecond of RP. Triangles. 


"_  Logar. -_ 
os the yadens G F C god, o. +10000.90® 
[srothe line CG \ 2177 = + 0336.46 

| CCOF 70 35 +.997457 


Sore the fine of : | 
il 19 25 + 9521.71 
2055 —<X0311.03 


And againe, by theſame Caſes. 


— _ ._ Togar, 
fr theradiis CK F > god, ©, + 10000.00 

Ts to the tine CE © ., Ju + OZI1,03 

So #7 the ſineof K CT I9 25 + 9521.71 


To the length of the perpendicular 


Chara@, Complement 4 O, 


If youlike touſe the SeRoror a line divided into 10 or 100 
parts, inſtead of the ſcale of inches, you may find thelame K F ; 
with more facility, by adding the naturall tangents of CK and I 
KG, (the heighth of the pole above the plane,and complement 
thereof) together , or by taking the Arithmeticall complc- 
ment offthe Logarithme of thoſejtwo _— z 3152 &C, as 

Z wo 
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Da #0 Wt a Was. gd. p We tbe; went pers TO 
SOR EO os It I ana - AE 


296 The Artof SHADOVVES. 
J 1s dirededin thehorizontall, which wo 316 parts of the Se- 
4 Qor,equall to 63 parts of an inch, asabovelald, _ 
k Having found the length of the ſtile K P3 you may finde the 
 placethereof of the tropiques and EquinoQiall upon the Sub- 
 ARſile,in inches andparts, by reſolving the triangles FCK,F GK, 
and FTK of theDiall &c.bur Idoerather commend the uſe of 
Þ the naturall cangents,as both the ſpeedier, and the eaſter worke; 
fi Fformaking K Ftheradius, CKT ſhall bea tangent line toit : 
it wherfore divide a line equal therto{as in the firſt Chap, )oropen 
fl the Secorto the widck thereof, and from either take 2837, the 
'” _naturalltangent of 70d. 35',and ſetitfrom C to Kfor the place 
if of theſtile,or 3 52 the naturall tangent of 19d. 25', from GroK 
4! the point formerly aſſigned for the Zquator; ſer 973 the natural 
i tangent of 4,d. 6', thecomplement of the heighth of the Sun in 
li 5, from K towards the center, for the paralell of & : and ſet 93 
& the naturall tangent of 42 d. 5 6%,the complement of the heighth 
tf of the Sunne in from K to T, for the place of the Tropique of 
if Ze , and thus you' may proceed with All planes that cur the 
! axis, both with the intermediate fignes, and paralels of declina- 
 tionupontheſubſiile. This done, let H O in the one example, 
y and G Fin the other, be radius : (which in all Dials is the ſecant 
q of the heizhth of thepole, or ſtile above the plane) unto which 
j the Sector being opened ( or from two lines divided equall to 
H them, into ten parts) you may by helpe of the naturall tangents 
| of 15d. 30d. 45d. 60d. and 75 d. pricke downe upon the E- 
q quinotiall, on each ſide of the ſubſtile, obſcure houre lines, as if 
iy you were to draw an ordinary horizontal Diallupon thar plane: 
q becauſe rhe EquinoQiall line Y G = 15a tangent line to the Ra- 
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dias FG ; the firſt paire of them ſhall be inſtead of 1 and 1 1,the 
ſecond of 2 and 10, the third of 3 and 9, thefourth of 4 and 8, 
the fift of 5 and 7, as are the prickt lines marked with 7.8.9.10 
11.12.1.2.3.and 4. inthe 11 and 17 Chapters aforeſaid, the 
 {ixof clock houre ( if there be cauſe to uſe it) is alwayes paralell 
to the EquinoRial: , neither are thefe lines to be blotted out a- 
eine (as in ſome caſes thelike be )but rather to be aged 


a” IE 


A 


by fall pricks (as in both the examples of the former Chapters 
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youſeedone) ſeeing beſides this uſe of inſcribing the paralels, 
they alſoſerve to ſhew the true houres of that Country where 
__ thisplaneis horizonrall, Bed Z 
_ This donedraw the trigon Oce S, as beforedireftedin the 
35 Chap.andecrofle it at right angles with OB,ler OB be _ 
co theaxis CF, and O A to GF, in the declining reclining Dial! 
of the 17 Chapter. Next, out of the table following, under the 
latitude 19 degrees 25*. (which is the heighth of the pole above 
this plane) take the houre arches (correRed by proportion )and 
colle&t them with the naturall cangents and ſecants into atab> 
25 here 1s done, 
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Then making OB the axis of the ſtile the Radius,O L V ſhall 
be a tangent line to it ; wherefore ſet off the tangent of. every. * 
tourcs arch , v:z. 252, 265, 497, &c, from O downwards up- 
on theline O Y, and by the pricks 1.2.3.4.and 5, draw ſtraight 
lines from B, which ſhall repreſent the prickt houre lines cf the 
Diall crofling the paralels of the fignes upon the Trigon , at the 
tike diſtances from B, that the ſame paralels wil doe the ſaid lines 
from the center of the Diall ; having the angles at the Equino- 
Ril!, and their complements at B ready given. in this Table, | 
you may by the very fame rules of the Horizontall, find the di- 
ſtances of BD, BE,BF, BH, BK, and B ce, upon that houre 
line of 4 and 8,and in like manner upon all thereſt , for as the 
angles OBD, OEB,OFB, &c, are to the fide OB inpartsof 
 aſcaleof inches (or as radius ſuppoſed to be divided into 1000 
parts) ſoare theangles D OB, EOB, FOB,&c. unto thelines 
B D 935. BE 971,and BF 1070 andioof the reſt ; which taken 
of the Sector, ora linedividedequallto OB , and ſet from the 
center C of the Diall upon the pricktlines of $ and 4, give the 
diſtances of each paralellupon thoſe houre lines; and ſo muſt 
- you worke with the ref? of rhe houre lines alſo _ . 
TT TEST, N, 
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 Decliner without acenter. = 


Laſtly , for the decliner of the eleventh Chapter , without a 
center, the rules are the very ſame with this former;but becauſe 
the axis of the ſtile, which is there found to be 29 inches 79 hun« 
dred parts, is too long to put upon this Trigon, take the tenth 
part thereof, which is ewo inches 98 hundred parts,and et that 
diſtance from O to R, and making OR theRadius, divide a line 
cquall thereto into ten parts : or open the Seftor to that widett, 
and ſet of the natural tangents of each houres arch in the table 
adjoyning, from O downwards upon the line OY, & thorough 

 thoſepricks draw ſtraightlines from R, repreſenting the prickr 

houre lines of the Diall, crofling theparalelsof the (ignes,as doth 

the prickt line R 8 for $ and 4 of clockin the trigon. This done, 
proceed 1n the calculation in all reſpects as formerly, which be- 

1ng already ſufficiently explaned ,. I will onely adde this exam- 

BM ple of calculating the rwo Tropiques together;as in thelatter in= 

| ance of the horizontall, 0 Þ ©. | 


And note, that having found: the diſtances fromthecenter, 
you mult ſeeke them alſo by the formerrulesof the horizontall 
from the EquinoQiall, asare H 12, i, #2,23; and #4 , be- 
cauſethe Dal hath no center to {ct them trom, 

Noy you might by the ſame. rules bur(with much more la- 
bour) find out the paralels upon the boure lines themſelves, of 
theſe laſt ſorts of Dials : but l preferre this way. Firſt, becauſe 
you have two Dials contrived tnto one, not unpleaſant'to be- 
hold. Secoudly,the whole workeis theſame, in theſe ſeveral 
ſorts, without variety or change; and laſlly., becauſe the one 
halfe of the labgur is faved,, there being. but fixe houres at the 
molt to worke upon after this manner, which are 10. 11,8 12. 


in moſt ſorts bghides. 


 Haonres 


OW 
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: £0 Angles ar| Angles | _ | TY 
me Equa-| at RK, | Tangents | Secarts, 

for. 


9069 | x 002 
1 008. 
1093 
1 00g 
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.Jor6 | 


| Lines from | Lines. 
th, wa Cemnter,\the E = 
F0Or, 
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| azd W, 


1 _ 
=. ES 7 
w | 


4 Added to x09 33/0025.78 9988.12 | 97x . 


each how, 109 25(0025.43 9987.76 | 978 
Y archcom- 108 $5 6/0024. 5 9986.49 | 969 
” poſeth 107 55/0021,589983.92 | 964 
— rheſe, [105 370016,339978,67 | 952 
: 93 I 5,C0OII.7I 9974.05 | 942 

TO ocopl,char| _ - 

| 2h | | 
 Andſub-62 31 i dethadzor 
\ dated [62 23905 2,5240014.86{1035 
 ontofthegx 5410054.46,X0016.80|1039 
| ſameea-6g 5 31005 8,66 X0021,00\t950 
| weth leg 3510068.84/r0031.181979 
theſe, I;'6 13(0080.31 0042.65 x 
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Cnar; XKNVIII 


To deſcribe the dixynall arches upon 
any P lane. | 


kPaIRyg He paralels of the ſignes, and the diurnall 
pan :rchesare one and the ſame circles inthe 
TO Sphere, differing onely in the quantity of 
SP their declinations from the EquinoRiall 
=> 1nS andee, theyare coincident in& & N, 
WAL nm and m,they differ but very few minutes; 
F wherefore if you would] inſcribe them on 
P any of thedials before mentioned , letthe 


-p \- P ; 
middle and outward lines of the Tr:g0- remayne, butthe inter- 
mediate'muſt be drawne (by helpe of the chord) on both ſides 
ofthe EquinoRiall, at the diſtances of the declinations deſired, 


thereſt of the worke continuing the ſame as afore. So if your 
will put on the diurnall arch of g houres or 1 5 :take of the chord 
the arch of declination 16 d.55*. and for r 1 and r 3 houres, the 
declination of 5 d. 5 57, anſwerable to the ſemidiurnall arches : 
and ſet them both wayes from L to b and d in the prickt circle 
LT of the former Diagram, and draw ſtraightlines from O to 
band 9, andſo of thereſt , which you may find ready calculated 
in this Table ; the Trigon being filled jwith diurnall arches, in 
ſtead of the ſignes, and the houre lines croſſing them,as former- 
ly they did the fignes,afford you Triangles , which being reſol- 
ved, according to the former rules, give the diſtances of the di- - 
urnall arches, either from the center , or from the Equino&tiall, 
2s 1s moſt convenient for your worke, 
To calculate this Table or the like, firſt convert the ſemidiur- 
nall arches into degrees and minutes, allowing 15 d. for one 
| hourez and 15'. for one minute of time , ſo ſhall 569. 47', an- 
{were to 3 houres, 47. and 60d. to 4 houres, and fo of therelt ; 
Then by the firft of the fift caſeef R.S. triangles. 


Hogres 
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ſtant from the EquinoRiall,or not, as is fitteſt for the plane, ſay; 


poſe Sand c@, by the ſecond of the fourth caſe of RS, triangly, 
Phe ſemidwurnall arches in degrees and minutes, For 


| Cot Logar, © 
 eAsthe cotangent of the latitude 51 d. 32%, 9906.5 
Js ts the tangent of the greateſt declination 2z 31 9638.65 
 Sor5 the Radars Yo © 10000,00 


T's tbe cofine of the ſemidiurnall arch of x TY 
and ſeminofturnall of S =56 47 97359 


Therefore the ſemidiurnall arch for c&, is 56d. 47'. andthe 
complement thereof to 180 d, viz. x23 d. 13'- is the ſemidiur. 
nall arch for & ; double theſe arches, and divide each of them by 
3 2,ſo ſhall you have 20d. 32*. for one twelfth partin S, and 
9d, 28'. for one twelfth part in c&, and ſo by addition proceed | 
 toſix twelve parts,convert thceſedegrees and minutesinto time, 
2!lowing 1 5 d. to one houre, and foure minutes to one degree, 
and marke their diſtances upon both Tropiques,each way from 
thehoure of 12 (in which both kind of houres concurre tobe 
the ſame line) ſo ſhall you have 2 pricks , viz, two in the Tro- 
piques, and onein the EquinoRtall (every nnequall houre crof- 
{ing one of the ordinary houres in the Aquator} by which to 
draw each houreline , as in this Table appeareth , wherein the 
fiftandſeventh unequall houres are diſtant from 1 2. in the pa- 
ralell of & 1 houre, 22', but in c& © houre 387, and mult paſſe 
thorough 1 1, and 1 of clock in the Equinotiall ; the fourth and 
eight houres are diſtant from 12. two-jhoures 44%, in&, and 1 
houre 16', in and paſle thorough 10 and 2 of clocke in the | 

inoRiall, and ſo of the reſt, | 

But if inſtead of the ſignes, the diurnall arches be inſcribed! 
your Diall, you may much more eaſily and preciſely worke by 
them, eſpecially if your plane will receive the ninth and x5 pa- 
ralels; becauſe the diſtances of every twelfth part of them from 
the Meridian, will juſtly fall upon the houres, halfes, and quar- 
tersformerly drayne ; firſt therefore reduce theſe paralels _=_ 

J 6 
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The #ne- | The paralcls ef 5] The Equi- |The paralel of| 
qual honres| - 7 | nottiall. . in 
from 12+ D MIH MjT: 
a———_—_—_—_ oo me. he ons — 
- M2 z 
| 

5 7\-20 .32]|F 22, 1] 9 28/0 38 
 : 6 4 <|2 2 [18 56|x 16 
; | "$|-02-3016 3|28 24|1 54 
k . ta $83. 979 | 4 [37 5r]2 31 
L 11] 102 41 |6 : 5 [47 19,3 49 

x2. [133.23 6 13! 6 :. 150:4713. 47 


WR. CO” In EI” 


degrees and minutes, allowing as afare, ſo ſhall the pardlell of 9 


houres containe 1 35 d.and of 15 houres 224, divide each num- 


ber by 1 2. the quotient will be 18d, 45', for one 1 2 part in the 
paralellof 15 houres, and 11d. 15'. for one 12 part inthe pa- 
ralell of 9 houres, and 37d. 30'. for two 12 parts in the paralell 
of t 5 houres, and 22 d, 30o'. for the like two 1 2 parts in the pae 


ralell of 9 houres, and ſo of the reſt ; convert theſe degrees and 
minutes 'into time (allowing as aforeſaid) and each 12 partof 


theſe paralels will fall out upon the houres, halfes, and quarters, 
and therefore their diſtancesfrom 12 the moreeaſfily and exaRt- 
ly marked upon each paralell, which done,you have 3 pricks (as 
efore) viz, twoin theparalels of 9 and 15. and one in the Equi- 
noctiall, by which to draw every unequall houre, as in this Ta- 
ble appeareth, wherein the fift and ſeventh unequall houres are, 
ditant from 1 2 in the 1 5 paralel 1 houre 15'.inthe 9.0, ho.45”, 
and 'muſt paſſe thorough 1 1 and rt vf clocke in the EquinoQtall: 
the fourth and eighth houres are diſtant from 12 in the 15 pa- 


ralell two houres 3o', inthe ninth 1 houre 3o'. and paſſe tho- 


rough 10 , and two of clecke in the EquinoQiall, and (o of the 
reſt, and note that theſe Tables thus prepared , ſerve generally 
forall planes in this latitude, 


® 
4 ! ; 
RS 


The 
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How to deſcribe the Azimuthes aud Almicanters 
#pon each Plane, Lh 


— 


S zimuthes and Almicanters, as there were of the 


Y/ LV Planes whereon they are deſcribed, doecut the 
#2 axis of the; Horizon, rightly, obliquely,or arepa- 
& ralelthereto;the polar plane 1s to the pole of the 


F4 #4 -»> 
HI FA | by 


World , the houre circles and the paralels of declination, inall 
pv 1g as the Horizontallis to the Zenith, the verricall circles, 
an 


nd the paralels of the Horizon; wheretoreas inthe firſt fort the 
plane cutteth the axis of the World , at right angles , and the 


Houre lines doe meet at equall angles in the center, repreſenting, 
the pole, and the paralels of declinarion doe crofle rhem with 


_ perfeR circles , ſoin the latter ſort the plane orh cur the axis of 


the Horizon atright angles, and the Azimuths doe meetinthe | 


place of the perpendicular ile, repreſenting the Zenith or pole 
of the Horizon at equall angles; and the Almicanters arc perfect 


Circles! 


=Y ; 


a rs Rs, > As, , * 


»#» Hcereare alſo three various inſcriptions of the A- 


ſignes and diurnall arches ; according as the 


. 
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circles croſling the ſame;whatſoever thereforeis ſaid of the one, 
«+ may beunderitood of the other, neither needs there any further 
diretions for the ſame; yet fox more plaines, I will adde this ex- 
ample.Let F E in the Scheme adioynimgrepreſent the Meridian 
| kne, paſſing by G the foot of the ſtike in the Horizontall Diall; 
Gin the Diall, and Fin this Diagram ſhall be the Zenith,or ccn- 
+ terof all the azimuths ; upon which deſcribe the obſcure arch 
\ EB; equall to A B 604. of the chorde, and by helpe of the fame 
W chorde, prickedowne thereupon thearches of 10d. 20 d.zod. 
- 40d. 50d. &ec, or what other you thinke fit : ſtraight lines 
SW drawnefrom'6G in the Djall, ashere they arc from F, thorough 
- the pricks aforeſaid, are the true azimurthes deſired ; Let P B be 
| drawne perpendicular to FE, and thercin make FH equall to 
G D the perpendicular {tile of the Diall, and draw H x, paralel! 
to FB E, thelines H'6.H'5;H 4.H ;.H 2.and H 1.bethe ſemidia» 
meters of the Circles, deſcribing the almicanters upon the circle 
G of the horizontall : whole lengths are thus cafily found, if jou 
will worke by aſcale of inches, For 
eAr F 6H theſine of 60d, i510 F Hinhunared parts of aninch ; 
$ois H F 6. the fineof 304d.toH 6, in the like parts, by the ſecond 
caſe of R,P. Triangles - 

But if you will, worke by naturall tangents, which is farre the 
eaſter way, then making FH the Radius, H 31 18a tangenrline 
to it, and thelinesh G6, h5.h4,h3.h 2.and h 1.arethenaturall 
tangents of the complements. of 60d. 50d.40 d.zo, 20d. and 
10d. wherefofe divide a line equall thereto into 10parts, or 0- 
pen the ſeor to the lengthof F H, and tae thereof 577, the 
naturall tangent of 30d. for the Semidiameter of H 6, thealmi- 
canter of 60d ; 839 the naturall tangent of 40d. for the {emi- 
diameter of H'5, rhe almicanter of 50d. and. x19? the naturall 
tangent of 50d, for the ſemidiameter of H 4, the almicanter of 
40d, and1o of thereſt ; All which circles,being deſcribed upon 
the center G of the horizontall Diall , as they are marked with 
60.50.40 &c, thereon : you have the circles of altitude, or para- 
lells of the Horizon defired; whichneed not be drawne paſt the 
tropiques of & and ZP inthe Daall , becauſe the apex of the {tie 
which giveth the ſhadow, cannot exceed thoſe lmits, = 
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—_ North declining planes ;  whereforelet FE of the Diagram 
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adjoyning repreſent the horizontall line of the South Djall , 
Chapter ſeventh,drawne thorough the foot of. the ſtile G, para- 
Jell to the 6 of clock houre ; 'andlet FB crofleitat rightangles, 
upon the center F ; deſcribe an obſcure archof a quadrant E B, 
equall to AB of thechord ; and therein inſcribe by helpe of the 
chord, the Almicanters of 10 d.204.zo0d. &T. as formerly you 
did:make F S,equall to G D,the perpendicular ſtile of the D1all; 
_ anddraw S Tparalel to F E: Theſe things prepared,you may firſt 
inſcribe the Azimuthes on the Diall, and then transferre them to 
this Diagram, for finding the Almicanters in this manner ; Let 
G D the perpendicular ſtile in the South Diall, equall to G X, 
- be ſappoſed to be perpendicular to the horizonrall line thereof; 

and making G X the Radiw,the horizontall line 7 G 5 ſhall be a 
rangent line thereto , and the naturall tangents of 104. 209, 
20d..40 d, &c. prickt downefrom G upon the horizontall line 
both wayes, viz. 354for 29, and 8:9 for 40d., &c. asin the Ta- 
ble adjoynins : and by thoe pricks parallels drawne to the 1 2 
of clock houre in the Diall |as are 20.40.60 and 70) ſhall give . 
the true Azimuths !defired ; you may likewiſe , knowing the 
length of G X, or G Din pxtsof an inch, and the angles of the 
Azimuths at X with their @mplements upon the horizontal] 
lineof the Diall, find the ſane diſtances in the like parts, for as 
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the angle G L Xof the 60Azimuth,is to the line GX in parts,ſo 
5 the angle G XL,the complement of the former,to the line G L 
inlike parts, 4 tbe 2. Caſe of R, P,T raangles,and lo of thereſt; 
but to worke by naturall tangents,is the ſpeedier way; The Azj» 


muth being thus drawne,you may transferre them into this Dia- 


gram,cither by taking the diftance of ecachAzimuth upon the ho- 


rizontall linefrom X as X Lfor 60d.for 40 d.XN &c. & letting 
from F downwards upon theline FE to F 20, th, F 40. Fn, F 
60,and F E &e.or elſe making F S equall to G X the Radus, o- 
pen the ſeor to that widch, and ſer 1155 the ſecant of 3od, 
from F to H, and 1732 the ſecant of 60d. equall toXL, fromF 
to 60 d. and 2924 the ſecant of 70 d. from F to E, and ſo of the 
reſt, 28 in the table adjoyning,to which points raiſe perpendicu- 
lars, asareh a,nb, and Ed, and they hall repreſent the azt- 
muthes in the Drall,crofſing the Almicanters of 10d. 20d.zod, 


- 40 d.zed.&c.atthe ſame diſtancesfom the line FE in the Dia- 


gram, that they will doe from the torizontall line of the Duall | 
upon the azimuth anſwerable to than ; and may eafily be inſcri- 
bed by naturall tangents, ſecing tte azimuths in the :Daall ars 
tangent lincs tothe ſeverall ſecantsX L and X N,8&c.as thelines 
de, v 60,4 h &c. in the Diagram rereſcnting the azimuthes,are 
anto each Radius F h , F 60, F E,&c. repreſenting the ſecants; 
thus you may find that F 60 equalſto X L, being Radius, 60, © 
will be 17* the naturall tangent ofi od, and 5of and will be 364 
the naturall tangent of 20d, and © q, 577 the naturall tangent 
3odegrecs and 60 r,*39 the natrall tangent of 40d, and ſo of 
the reſt; all which being taken of heSeor,and ſet downwards 
from L, the interſeRion of rhe 6 azimuth with the horizontall _ 
line of the Diall, 8all eive prickupon that azimuth at 7x .2,3.4, 
5 dy which the ſeveral] abnicantrs muſt paſſe:doe the like with 
as many of tne relt of the azimuns, as will ſerve your turn, (for 


_ Upon all you need not )as upon tle 20 and 4o azimuth, and upon 


edfor the 70 azimuth, ſo ſhallon have ſevcrall points in ſeve- 
'lazimurhs, thorough which necontinned circular line being 
1wne , you have the almicarers defired.; If inſtead of theſe 
:NgENtS, you Will uſe a (cale ofnches , firſt; find the length of F 
60g 
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60, in parts of an inch : then 1s the proportion plane, for by zhe 
ſecond Caſe of right angled plane triangles , as Þ Go the rading, ts 
to F 60 in knowne parts, ſos 60,0, and bop. and 60 q. &&c. the 
yaturall tangents of 10 4,20 4, 304, to the lines 60, ©, 60 PD. AHA 
60 9. 9: like parts as afare. 9 ee | 


 Eaſftand weſt diref:" 


_ TInlikemanner, if inſtead of FS in the Diagram, equall ro the 

- perpendicular ſtile of the South Diall, you take the length of A 3, 
or A gequallto AL thelength of the ſtile of the Eaſt and Welt 
Dials in theninth Chapter, and worke in all reſpe&s therewith 
(firſt drawing the Horizonrall line B A C thorough the footof 
theſtt le at A, and ſuppofing A P equallto AL, to be perpendi- 
cular thereto)the ſame naturall tangents of 10d.204d,30 d 40d. 
&c. (taken ofa line divided equall to A P, or the Seor epened 
to the widc1t thereof ) and ſer both waycs from A upon the ho- 

r1zontall line B A C, ſhall give you points therein,to which per- 
_ pendiculars ereted,you have the az1muths defired;as are 20,40. 
60,70, &Cc, inthe Diall of the ninth Chapter aforeſaid. The azi- 
 muths being drawne, let the ſecant of each azimath 20. 40, 60. 
70 &c, (which is the diſtance from P the top of the ſtile, unto 
the interſeions with the horizontall line } be a ſeverall Radius, 
and thenaturall tangents of 109.20 d, zo d.qo d.&c.{et from the 
horizontall line downwards upon each correſpondent azimuth, 
ſhall give points,by which circular lines being drawne,you have 
the almicanters defired; ſo making AP the ſtile 1n the Ealt Diall, 
equall to A L the Radius, the naturall tangent of 60d, 1732 ſet 
from A to 60 gives the diſtance of the azimuth of 60 inthe ho- 
rizontall line , and making Þ 60 the ſecant of 60d, 2505 the 
Radius, the naturall tangent of 1 od, 176, and the .naturall tan- 
gent of 20d. 344 andthe natural] tangent of 30d. 577 with the 
reſt,ſerfrom 60 downwards upon that azimuth,{hal give points 
therein, by which the almicanters muſt be drawne , as are mar- 
ked with 1.2,3.4, and5. _ = 
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South and North declining. 


_ Laſtly, inthe declining Diall of the 1 x Chapter, let PO the 
length of the ſtile be perpendicular to the horizontall ine V PR, 
which being Radius, the Azimuthes ſhall be tangents thereto, 


- the firſt whereof(reckoning from the Eaſt as C 7avizs doth)muſt 


alwayes be perpendicular to the interſection of the Horizon, 
#quator, and fix of clock houre, as is 6 Zin the Diall aforeſaid, 
diſtant from the foot of the ſtile P , the complement of the de. 
clination, and in this example is 1nz the naturall tangent of 6 q, 
23', which being added to 10 d. 20d, &c. for the azimuthes to 
the Northwardof 6, or {ubducted from 10d. 20d. 30d, 4od. 
50d.&c, for the azimuthesto the Southward, ſhall give arches, 
whoſe naturall tangents ſet both wayes from P , afford you 
pricks in the horizontall line for the azimuthes defired ; Thus I 
take 294 thenaturall tangent of 16d, 23', and ſet it fromPto 
x ©, for the tenth azimuth : and 496 the naturall tangent of 264, 
23', andſert irfrom P to 20 for the 20 azimuth to the: North- 


wards: and 437 the naturall tangent of 23 d, 37”. for 3od, and 


2016 the naturall tangent of 63d. 37' for 70d.and ſet them from 


- Pto the Sourhwards, to all which draw perpepndiculars . ( as in 
_ theexampleappeareth) ſo have you the azimuthes deſired, Now 
' makin theſecants of each of theſe azimurhes a ſeverall Radius * 


O 


8%, ©, 30d.,q997 the ſecantot 23d. 37', for theazimuth of 39 


—_————— 


d. and o. 50d, 2250 the ſecant of 63 d. 37'. for the azimuth of 
70d. and opening the Sector to theſe widt ts, take of the natu- 
rall tangents of 104. 204, 30d.4o d. &c, as inthe former ta- 
ble, and ſet them downwards from the horizontall line upon 
each azimuth, ſo have you pricks, by which the Almicanters 
zontinued into one circuler line of the ſame denomination, muſt 
certainly paſſe, as you ſee the circuler lines of 10 d.2o d.zo d.4o 
J. and 50d. doe in the example of the Chapter aforeſaid, 


CHAP: 


The Art of SHaDovwves 393 


Cnar, XXXIT, 


Thesr third ſort. 
_ My Veet> Ow in al the reſt,that is in South & North 
K—Y 22> Cþ, reclining ; Eaſt and Weſt reclining ; and 


N, HA P-, 
F EY 


2 Southand North declining reclining; the 
>” plancs cut the axisof the Horizon obli- 
Z, cuely, and therefore the Azimuths (as in 
the like caſes the houre lines did) doe 
GPNCE mect inacenter with unequallangles. In 
CRE P26 6WPR2 theſe planes there are twozeniths,the one 
proper to the plane, alwayes in the foot of the perpendicular 
ſtile, the other peculiar to the place, alwayes in the Meridian or 
12 of clock houre line, but more or lefle differing from the for- 
mer, according to the nature and ſite of the plane; and as theze- 
niths, ſo doe the horizontall linesalſo differ, both which muſt be 

| firſt found before you can inſcribe the Azimuthes and Almican- 
Fcrs, TLRATY 


E qminottiall and Polar Plane, 


Make the perpendicular ſtile the Radiusin all theſe kinds,then 
ſhall you have three varieties of finding theſe points, firſt in the 
EquinoGtiall plane of the 13 Chapter , wherein the vertical] 
point of the place isdiſtant from the foot of the ſtile (being rhe 
verticall of the plane) the naturall tangent of the elevation of 
the pole, which is the inclination of that plane to the Horizon , 
and the point by which the Horizontall line muſt paſſe , is the 
natural] tangent of the Complement of the pole , whichis the 

reclination of the plane from the Zenith, But inthe polar plane 
this is quite contrary, ſo is A 3 the Radius inthe Diall of the 1 3 
Chapter, and B A 12a tangent line toit, and C Dequallto B C 
in thediall of the 14 Ghaprer, H V A a tangent line tot, and 
AV thenaturall tangent of 5 x d. 32/.gives the verticall point inn 
THO 


_ 
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EquinoQuall ; but C H the ſame tMgent gives the horizontal] 
pointinthe polar ; [nlike manner: A H the naturall tangent of 
38 d..28'. gives the horizontall point in the zquinoctiall plane, 
and CV the fame tangent, the vertical pointin the polar ; tho- 
rough Hdray a paralell to7 A 5 inthe EquinoGtiall, and to 6 C 
6 inthe polar plane,and that ſhal be the horizontall line in each: 
This done makeH 3, 1277 theſecant of 38 de 28'. the Radius 
for the EquinoQiall Dial, and H D 1627 the ſecant of 5 1.d,32 
the Radius for the Polar, then ſhall the azimuths upon each hori- 
zontall linebe thenaturall tangents of 15 degrees, 30 degrees, 
45 degreees, 60 degrees, and 75 degrees ( or of any other parts 
you thinke fit ) which being taken of a line divided into ten 
parts, or of the SeQor opened to the length of either Radius, 
pricke downe both wayes trom H in each Horizontall line, and ] 
ſtraight lines drawne from each verticall point at N thorough | 
the prickes aforeſaia, asare V. 15.V, 30. V.45. &C. in the 
Dials = I 3 and 14 Chapters . ou have the azimuthes requi- 
red. 
_ Now makethe Piamiam ad} joyning , wherein Ict F E bethe 
horizontal line E B thearch of a Quadrant, the lines 10 degrees, 

. 20 degrees, 30 degrees, 40 degrees, &c. the ſame as afore , and 
FB croſling FE at righrangles as formerly, and further let F A 
equalito V 3 (of the Diall of the 3 Chapter) and F G equail to 
V D (in the Dial of the 1.4 Chapter repreſenting tne axis of the. 

_ Horizon, be the ſecant of 5 1 degrees , 32". 197, and FD; 
 FNequll tog3 H, and DH , bee the Secant” of the Com- 
- plement thereof 1277 ; draw theline AD for the South ver- 
ticall of this Diall, anil G N for the polar , then making 
if | rc for the Polar, and F A the Radius for the Equinoctiall Diall, 
| FD co ſhall bee a tanzent line to it; and FD, F15 de- 
orecs, F 45 degrees , and ÞF 50 ceprees ». &c. ſhall bee 
_ the naturall rangents of the Angles FAD, FA 15 degrees, 
FA 3o degrees, which are againe (as formerly i in the Houre 
lines) wy Complements of the arches of the Table following, 
under t the heighth of the Pole 35 degrees 2 8&'. diretly agree- 


| ang with tHe Table of houre {ines for the South and North Dx- 
als 
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als ; as the Polar doth with the Horizontall , wherefore 


hecre tranſcribe the ſame Table in Read of the houre lines, 
taking the Arches of the Azimuthes, as in this example. 


Þy, 
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The angle FAD being 38 degrees 28'. take the naturall 
angent thereof, 794 (of the line divided, or of the Sector) 
nd fer itfrom Fto D. The afigle F A 30 heing 42 degrees 3 2'. 
« the natarall tangent thereof 917 from F to 30. The angle 
FAGo being 57 degrees: 49'. ſet the naturall tangent thereof 
59 from F to-60; and fo of the reſt, ſtraight lines drawne 
rom A thorough theſe points, ſhall be the azimuthes croſling 
ve Almicanters of 10, 20, 30. 40. &c. at the ſame diſtances 
tom A in this Diagram , that they ſhall doe from V the ver- 
call point of the Diall, and are eaſily found by the former - 
Mes, becauſe you have the three angles of every Triangle 
'5A, F4A, F3A, &c. given, viz. at A the Com- 
Mement of the Arch in the Table , ar F- the Complement 

of 


 a8an thisexample is done for the 45. Azimuth. 
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ofthe Almicanter ,. andat 5 the Complement of both to 180d, 
withtheſideFA, the axis of the Horizon ſuppoſed to be the 
Radius divided into 10. 106, or 1009 parts, as you thinke fit, 
wherefore by the firſt caſe of O.P, triangles. 


As the ſine of the angleF5 A 91 d.29'. 7 to the linef A 1099 


So the fine of theangle AF5 404. &', tothelime A5 06 


and ſoof thereſt : you may likewiſe calculate each paireof Al- 
micanters zquidiſtant from the horizontal line(if it were need- 
fall) atone worke, as you did the paralels of the ſignes, or allo 

ehem together npon each ſeverall Azimuth, by the former rules, 
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The angle in the table for gy d.lu a1d.39%; Copnes. 
Cf. 70 "+ 9993.58 

rhe Almicanters with the Coſines ) TT? 9972.98 
ſet by them, Zo ©: 9937.53 
40 ©' 9884.25 


The eAlmicanters added to ob 5 39 ,0105.55 
angle 41 d. 29, with the Li 61 38 oore.at” 


meticall complement of each arch 7I 39 0022,66 
20 averd ſubtrattion } 81 39 0004.17 
; — 91 39 ©0O00,17 
Logar, of Chil: The Almicanters from AorV. 
+£20099.10 1256 Iod. 
+ X0028,46 own. - 20 
——9960.,19 - ons -1. JQ 
— 9888.87 77% _ 
: — 9808.24. $43 30 


Os compl char, | 


' Now adde the Coſines of 10d, 20d, 30d, &c, tothe Arith- - 
meticall Complement of 5 1-d. 39'. &c. and. 61 d, 39'. &c, fo 
have you new Logarithmes, which found in the Chiliads, give 
the lengths of the lines defired, wherefore of a line divided into 
10or 100 partsequal to FA,or of the Seftor opened to that wi- 
& iz, take the lines 12<6 and 1963 and 912 &c, which ſet from 
the verticall point V in the Diall of the 1 3 Chapter , ſhall give 
you points in the Azimuth of 45 d, by which the Almicanters of 
10d. 204.30 d. &c, mult paſſe,doe the like with as many other 
Azimuths as will ſerve your turne , atlaſt draw all the points of 
theſame denomination into one continued circular line, ſo ſhall 
| you have the Almicanters deſired. And here againe note for a 

2enerall rule, that in this and all thelike caſes, it any linefall ont 


©] to be too long, to beſet from the Zenith V , you may take that 


© line out of theſecant of the angle at A in the table above (aid. 
= which 
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which gives the whole linefrom the verticall point to the Hg: 
rizontalt line, and ſet the remainder backe againe upon the Azj. 
mnth from the Horrzontall line to the Almicanter ; fo if youſer 
912 from V tothe 3o Almicanter upon the 45 Azimuth :,or 5,3 
the remaynder thereof ſubdued out of 1 595: the ſecant of 4; 
d. back from 45 d. in thehorizontall line , it will give the fame 
-pointata as afore, and ſo of the reſt. Now making F G ther. 
dius for the Polar Diall, andaſing the table proper to the Horj. 
zontall, the reſt of the worke will differ nothing at all from this, 


Seuth and North rechntng, 


Laſtly, in the South and North reclining , the perpendicular 
ile being Radius, the Meridian 1s a tangent line thereunto, and | 
the verticall pointis the naturall tangent of 65 d. the inclination 
_ ofthe planeto the Horizon, as in the ſecond example of the 13 
_ Chapter, and the Horizontall point is the naturall tangentot 
25d. the reclination thereof from the Zenith, the complement 
of the former, both which being prickt downe inthe Meridian, 
_ fromthe footof the ftile', and the Horizontal] line drawneper- 

pendicular thereto, proceed in allreſpe&ts as formerly. 


F-4 aft aud Weſt reclining, Soath and North decli- 
 mingreclining., | 
But in the Eaſt and Weſt reclining, and South and North de- 
clining reclining planes, where the ſubſtile , which is the Mert- 
 dianof theplane, and the x 2 of clocke houre, which is the Me- 
- Tidian of the place,are ſ{everall lines , you muſt firſt draw a per- 
pendicutar to the baſe of the plane thorongh the foot of the ſtile, 
asis V LH in the Diall of the r2 Chapter, and VKH in the 
Diall of the 1 7 Chapter : then making the perpendicular tile W 
_ENequallto LSinthe one, and K Nequallto K F inthe other, 
_ the radius Y LH, and V K H ſhallbe tangent lines to them,and | 
theverrticall point V ſhall bethe naturall rangent of 55 d.1n the 


frſt,and 35 d. in the ſecond, the inclination of each plane po 
' C3® 


—» 
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forizon, and the Horizontall point H fſhallbe the naturall can- 
«ntof 25 d. in the firſt, andof 55 d, inthe ſecond , therecli- 
" tion of each from the Zenith, whichis the complement of the 
emer; the verticall point V in each muſt of neceſſity fall upon 
he 1 2 of clocke houre, which is the Meridian of theplace, and 
te Horizontall line drawne by the point H muſt beperpendicu- 
xrto the lines VL H, and V K H, drawneby the two Zeniths, 
nd paſſe thorough the interſection of the Xquator , and 6 of 
ck houre , if there be no errour in the worke, Theſe things 
teing found, you muſt proceed in all reſpe&s as in the former 
inds;vet for further ſatisfaction I will givea more particular in- 
tance in the declining reclining Dall of the x7 Chapter. Next 
therefore let N H, the ſecant of 55 d. 1743 the reclination of the 
lane,be radius,then ſhal the Horizontal line H 60 bea tangent 
ine thereunto ; open the SeQor to the wideſc of N H (or di- 
madea line equall thereto) and from either prick downe the na- 
wrall tangents of 15 d, 30d. 45 d.&c.both wayes from H upon 
h: horizontall line , to cach of theſe points draw ſtraight lines 
from V the verticall point, and theſe (hall be the Azimuthesde- 
fred, the 3o whereof to the Southwards from H ſhall be co- 
incident with the Meridian or 1 2 of clocke houre, becaule the 
pane dothdeclineſo much : and thought had falne out in ſome 
inequall part of the quadrant (as for the moſt parritdoth ) yer 
had the worke beene one and thefame : Now as in deſcribing 
the paralels of fignes you tooke the Subltile or Meridian of the 
plane for 12 of clocke, -and drew the Horizontall houre lines on 
ach ſide thereof), to facilitate the worke : ſo muſt you alwayes 
br theAlmicagters take the Azimuth perpendicalar to the plane 
(equall to the declination) as 1n the example is V KH: and on 
both ſides rhereof inſeeibe the Azimuths of 15 d.zod.q5 d.&c. 
WW by which meanes you may makeuſe of the ſame tablefor find- 
ng the angles of the Azimuthes at the verticall point, and put- 
Ws tinz them into the Diagram,as formerly you did the houre lines; 
WW torlet F A in the Diagram adjvyning , the axis of the Horizon, 
deecquall to V N inthe Diall , which js the ſecant of 35 de- 
Tees.inclination of. the plane to the Horizon , and FB e- 

Qull tv NH, the ſecant of 5.5 degrees the reclination from 
A: rhe 
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the Zenith, and complement to the former : draw theline A} 
which ſhall repreſent the. Azimuth V K H perpendicular « 
the plane,} then if you make F A equall to V N the axis v 
the Horizon , the Radius , F 60 ſhall bee a tangent line 
thereunto, and FB, F15.F 30.F 45.and F 60 &c. ſhall bet 
naturall tangents of the Complements of the arches property 
the Azimuthes, under the altitude of the Pole 55 d. equall toths 

_ reclination of the plane , which you may colle& into a tablefor 
further uſe, as in this example appeareth. 


Whereforedivide a line into 10 parts equall to F A, of open 
the Setor to the kength of F A, and pricke downe the ſeveral 
Teangents of this table from F downwards upon the Horizontal 
line F B 60: by which draw ſtreight lines from A, fo ſhallyou 
have the azimuthes of 15 d. 30d. 45 d. 60.4. &c, croſling the- 
Alnmicanters of t10d.200d, 3Q g.40 d, SC, 10 this Scheme, p a | 
Ob am! 
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ame diſtances from A that they will doe from V the verticall 
point of the Diall. Now have you new triangles hereframedas 
ntheformer, vez, F 5 A, F 4 A, F 3 A, &c, whoſeangles being 
given with the (ide F A, either in knownepartsof aninch, or as 
Radius, the ſides A 5.A 4. A 3. &c. are caſily found by the firſt 
Ceſe of O. P., Triangles. whole diſtances prickt downe from 
V the verxicall point of the Diall upon the azimuthall lines pro-= 
per to them, doe give points for the almicanters deſired ; ſo ſhall 
you find the diſtances of A5, A4, A 3, A2, and A 1,uponthe 
45 azimuth to be as in this example, 


The 431 ple 52 the table under the latitude 


ee 


55 d,far the Azimnth of 45 d,s 26d, 20', Cofines. 
Io . © 9929343» 
| N2o © 9972.98 
The Almanters with their Cofines 30 oO 9937.53 
: 40 oO 9884.25 
| 50 © 9808.07 


The Almcanters added to che aygle 2646 20 0140.64 


Fs 20 0227.32 
4, 20', with the Arith, ( emplement "Y 6 20 0079.73 


each areh to anoid Sabtrattion, 66 20 0038.14 - 
-76 20 0012.47 
Logar. 
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Logar, of (hil: Almicaitters from AorV, 
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Adde the Coſine of 10 degrees to the Arithmeticall Comple- 
ment of 36d. 20”. andof 209. to that-of 464. 20',and fo of the 
reſt, ſeeke the new Logarithmes of 0220.67. &c. in the-(hi- 

* frads, changineg the charafteriske of & into 3 or 4, for more ex- 

_ anefleſake, fo ſhall you find the diſtance of A 1 to be 1562, tint 
is one Radius, and 65: thouſand parts of another , which taken 
of aline divided as aforeſaid, or Sefor opened to the wideſt of 
F A, and ſet from the verticall point'V of the Diall ;.ſhall reach 

- to thealmicanter of 1 oupon the azimuth 45 d. andſs of thereſt: : 
and note that if there be cauſe, you 'may'by' an arch of acircle. 
draw the ſame azimuthes in the Diagram an the other fide of-A. 
goalſo. Laſtly, the worke being finiſhed , you may diſtinguiſh 
the azimuths by what numbers you thinke fitteſt, beginning the 
accompt either from the 1 verticall as C/avizs dorh;, and then 
the azimuth V K H perpendicular to the plane , ſhall be the'60.” 
or from the Meridian, and then it ſhall be the 3o,or from 1! ſelte- 
(as in this example is done for imitation ſake) and hen the Eaſt. 
azimuth ſhall be the 60, and rhe South verticall the 30 from 

. . thence, as muchas the plane it ſee aeclineth, 
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Crap, XXXIII. 


How to deſcribe the circles of poſition upon 
theſe Planes, 


»1 > He circlesof poſition are great circles of 
AY. the Spliere , croſſing each other. in the 
WA common interſe&tion of the Meridian 

wy Horizon, and reckoned(according to 


_. 


WD moſt authentike aiithors) upon the Equi- 
> noctiall, both wayes from the Meridian 
CAP) WIEP downe to the Horizon ; the uſe of them 

D908 2£L@ (perticularly of thoſe of 30d. and 60d. 
diſtant each wayesfromthe Meridian) is chiefly for ſuchas are 
aſtrologically-given , to ſhew them at all times of the day, in 
which of the 12 parts (Commonly called the hoxſes of Heaven ). 
the Sun is commorant , but they doe alforepreſent (conſidered 
upon:the firſt verticall) .the planes of every Eaſt and Welt re- 


clining or inclining Diall , as bath beene ſaid in the 12 Chapter 


aforefaid, whereof divers othertiſes might be made. , 

By the definition it appeares, that they aregreat circles, and 
therefore become ſtraight lines, being projected upon the plane, 
and they are ſomerimes paralels, ſometimes they meet at equall, 
and ſometimes at unequall angles, according as the planes on 5; 
which they are projetted, afe parale]], right, or obliquey to the \ 4 
[3 S 4Y -. . ES , . A . ; , . . _ LF 
axis of the prime verticall, in whoſe Polgthey are omitted yunile0 uk 


Horizontall, Eaſt and Weſt dire, and Eaſt and 
Weſt reclining, | 
In thehorizontall, the Eaſt and Weſt diret, and Eiſt and 
Weſt reclining , theſe circles are all paralels ; the reaſoh is ma- 
nifeſt, for as the houre lines of all ſacb planes, as lie in any houre 
circle, are therefore paralels cach ro other-, becauſe the. 
planes themſelves cut not the axis of the World , but are 
paralell- thereto ; fo is it in the Om of Pofitien, ſo oft as 
: | their, 


a. 4 Awe er ke Lats 5 »& pr nl Le oft - *%KQp 3-F, «3. 4 & ys OT EAT... > 
” eat SL 1 pd PET Ls 2, FRO Loa LIE ob IS ORD FS 79 SY Pre PIR "Fs TI - - oy 4 \ 
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gers is the firſt and ſeventh houſe of heaven)in an oblique ſphere, 
lic in the Horizon, paralell to the axis of the;prime vertic 
In FEaſtand Weſt Dials, the plane lyeth4n the. Meridbanior 
houre circle of 12, which is alſo the firſt cixcle of poſition, pre. 


circle or part, and ſo1n Eaſt and Welt reclaing , the plane may | 
fall upon any other circle of poſition, from-which:-agreementic 
is evident, that as the houre lines in the fir tfort,1so rheeireles'f 
poſition in the ſecond, are evermore} aralels cach to other, 
 Tnthehorizontall, they are chus caf?] y.inſcribed : make FD of 
"the Diall fol. 91. 1607 the ſecant of 51 d. 32', the elevation 
of the pole, theradius, then is  F:= the' &quator a tangent line 
thereunto, and the naturall tangents'of $77 for 36d. and 1232 
for 604.fet each wayupon the EquinoRilfrom F,are the-þoints 
of 11.72.9. and 8, houſes of heaven, thorough whichdraw pa- 
ralels tothe Meridian or houre of 1 2, as are 1X and Y [11 the 
prickt lines in the Horizontall, and you have your deſire,” - 
 IntcheEaſtand Welt, let LO 1277 the fecant of 28d. 28” 
the complement of the elevation of the_pole, be the Radius, 
then ſhallrhe ZquatorK D E bea tangent line thereunto /and 
the naturall tangents of 577 for 30d. and of 1732 for 60d, ſet 
downwards upon the Equinotiall linefrom A to m and h, are 
the points of the 3oand 60 circle of poſition , thorough which 
ints draw paralels to the horizontall line,as are xii and x11n the 
Diallot the ninth Chapter, ſo have you your defire, _ 
In Eaſt and Weſt reclining, let SRF 111» theſecant of 26d, 
41' the harghth of the pole above the plane, in rhe Diall of the 
1 2 Chapter, be Radius then thall the Xquator be a tangent line 
rhereto,and the naturall tangent of «7+ for 30d, and 1732 for 
60d. ſeteach wayes upon the EquinoRiall line from the point 


 Rof cheſubſiile, afford you pricks, by which draw paralels, ct- 


A 


cher 
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ther to the horizontall, or Meridianline of the Diall, ſo have you 
your defire : and as theſe , ſo may any other circle of poſition be 
inſerted by helpe of the naturall tangents alone , without any 

trouble of calculation, though you may likewiſe, by giving each 
Radins in knowne'parrts of any ſcale, find ont the diſtances of 
theſe circles of poſition , upon the ſeverall Equinoctaall lines in 


like knowne parts of any ſcale:as hath often beene ſhewed here- 
tofore. ©v 


Sonth and North ere, and declining, South and 
North reclining , and declining re= 
clining, 


In all the reſt, v:z., the South and North ere&,and declining, 
the South and North reclining, and declining reclining, J might 
particularly inſtance, but that one generall rule will ſervetor all: 
for ſeeing the common ſ{e&ion of enery circle of poſition, is the 
interſeton of the Meridian and Horizon , and each particular 
ſetion of the domyfying cixetes, is 3o d, & £04.diſtantfrom the 

Meridian, both wayes upen the EquinoRtiall ; draw bur ſtraight 
lines from the point of their common interſetion in the Dtall 
(which is in the croſling of the Meridian and horizontal line) - 
thorough the Hhourcs of 10 and 8. and 2 and 4 in the Equino- 
Rial, which arealwayes 3o d.& 60d.diſtant from the Meridian, 

| and you haveyour deſfire,; _ >, 

But iF the Diall want acenter, as in the example of the elc- 
venth Chapter it doth, then 1s the Meridian allo wanting,whoſe 
interſe&ion with tke horizontall line ſhould helpeyou;in which 
caſe you may find two other points , one 1n che prime vertical, 
and another in a paralel thereto, ſo ſhall, you, have three points, 
(theſe in the EquinoQullat1o and 8 remayning certatne ) by 
which.to draw cach circle of poſition, without reipe& to the in- 
terſeRion of the Meridian and Horizon ,though deing contmued 


WH beyond the plane, they willalſo meer therein, - _ 

In the Diagram 2djoyning,let A E Bbe the Meridian, 6s RD E 

the horizontal) iine, AH rheſubſtile, 6 H a B the EquineGiall,. 

Eba Z thecircle of polition,6 7. the prime verticall,a and db 
2 E-2 Wo 


mg” 


2 heads, 
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Y 


wo pnorucreunth, in which I ſeeke points todraw the cir- 
cle of poſition by; and note, that theugh for demonſtration ſake 
' T inſtance in this {mall Diagram, yer hath the operations refc- 
rence to the Diall of the x x Chapter , wherein let H O be the 
Radius , then ſhall 6H be the naturall rangent of 5 degrees 
0037 , and H B the naturall tangent of 85 degrees. 11403 
which added together,give the whole length of the EquinoGQiall 
line 6 a B 1157 from 6of clock to the Meridian, by that line, 
and the angleat B51 4d, 4o', the complementof HAE, you 
may find 6. Eto be 9934. bythe firſt Caſe of R.P. triangles. For 
As the ſine of 6E B.god.o',sro theline6B 1151, 
Sezthefireof6BE514, 4% tothe line 6E 9234, 


+. 4 Me 


The 


" a C =o CEP I ef 
| 


* 


clock upon the EquinoRiall) to the Horizontallline at R, whick 
- 8 60d, diſtantfrom the houre of 6, the naturall tangent of 6 H, 
 5d.o08”7 andof Ha gs5 d. 1438, added together, give the line 
6 Ha, 1515, by which and the ſame angleat a of 51 d. 40. (be- 
cauſe Raand E B areparalels) you may find,by the former caſe, 
 theline 6'Rtobe x188, andtheangle R 6a 38d. 20', and Ra 
to be 940 next hand, - 

For as the fine of 6R 4 god. ©”. isto the line 6 a 1515. fois th 


fineof6aR 514.40, tothe line 6 R 1188, and ſois the fine of | 


theanglea6R 389. 28. tothelineRa, 949. 
Take 6 R 1138 out of 6 E 9234, there reſteth R E 7845, then a- 


gaine by the 45 of the firſt of Titiſcus, asthelineE R 7845 is to | 


the line Ra 949, ſoistheline E 6 9934 totheline 6 Z 1682, ſet 
1982 from 6 downwards upon the prime verticall, ſo tave you 
the point Zandato dire& you; if you will find another point 
betweenea and the Meridian,take any convenient part that you 


will for your pared out of the line 90:4 ſuppoſe 2500 , that is 


ewice the Radius and a halfe, there will remayne dE 6534: ſer 
2590 from 6tod, and letfall theperpendicular db, then againe 
by the former rule. _ | 

eA's theline E 6 9234 z5 to the ixe 6 Z 1082, 

So ts the line ed 6534 to the lined b 782, 


ſet 783 from d to b, the third point ſhallbeat b to draw the cir- 


Clef poſition Eb az, without the helpe of the interſeRion of 
the Meridian and Horizontall line at E, which falleth not upon 


.- theplaneatall. 


And thus muſt you worke in all reſpeQts for the other circle of 


poſition paſſing by the eighthof clocke houre. 


The particular operations are as followeth, 
| : Logare 

T ang, As the fine of 6 E Bgoa. &, 10000,00 

*6H. 5d.0', 987 5 to 6B 115?” 1061 34 

:QHB 85 0.1150 ſoir the ſue 6BR5140 9894.55 


6HB 11517 ro6E 9994 T0955.89 
| | | 2 


* 4 
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| Then raiſe a perpendicular frema (the interſe&ion of 10 of 


* F 
bs 1 


-P 


7-1 


(Aline 
; 'Caiit, 


- Sf] 


A 
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1 


T ang, 


RE 7345 So E6 
To6Z 
6e 9234 Ase6 


6d 2500 To6 L 
de 6534 Soed 


Todb 


9924 
| 1082 
6574 
733 
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EH 54d, © .ot7 Ar the fineof GRa go d, o. +1 0000.00 


24Has5s o148706a I 51s + 0180.41 
iCSHa 1515 Sothefine of baR 4T 40 9894.55 
Wo, Ana ſo the ſineofabR 38 20 _ 9792.56 
: _ 'To6R 1 188  +40074.,96 
eLndtoRa 999 — £9972.97 

0.cha,cop, 

parts Logar. 

6E 9934 eL1rRE- 73845 +$0894.65 
3<46R 1148 ToRa 940—0027.03 


904416. @#de eb. 


+ 0815.18 - ” 
— 9893.49 


Lopay, 


9934 $0955.89 
NE i nn immmonyy 
1083 + 0034.27 


+ 0034.21 


_ ©. compl. charatt® 


Naturall "#5 
Tangenrs 


A Table be rthe Aancr s proper to ie Diall of Is 
the eleventh C baprers 
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Radius for the 
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© Thi 
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\ This Table following giveth the angles, which the honre lines 
make with the EquinoQuall npon the Trigon,as in the 27 Chap- 
ter, andalſo which the Azimuths make with the Horizon, as in 
the 31 Chapter,, and 1s calculated of purpoſe, to facilitate the 

 worke indeſcribing the paralels of the Signes, Diurnall Arches, 
and Almicantersnpon'eachſeverall plane. The Canon to make, 

itis this, by the firſtor ſecond of the ſecond Caſe of R.S, Tri- 


angles, 


eMs the Radins, - | | 
75 to the Cofine of the honres diſtance from the Meridian, 
So 7s the ( otangent of the elevation of the Pole, 
To the tangent of the arch for that boures diſtance. 


Examplefor 2 or 10 ofclockein the latitude 9 d,20”. 


. ” LE; | 
et the fine of 90d. ©  To000.00 

, Is to the Coſine of © 3g 9937. Eo 
So ts the cotangent of | 9 120 1078422 
Tothe tangent of 79 I XO721 75 


By the ſamerule this Table might be continued to: parts 0: 
houres alſo, which would be uſcfull for divers other purpoſes. 
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230 The Art of SHAD OVY ES 
Many uſes mightbe made of this Table, which for brevity fake 
I omit, and will only adde this, one how to makea tabletherehy 
_ ofthe heighth of the Sun for every houre and part of the day, in 
every degree and part of the Zodiack; which being neceffary for 
contriving of Dials, upon all kind of Cylinders, Rings, Quz. 
_ drants, and ſuch like (wherein the heighth of the Sun 1s required) 
may generally be ſupplycd for all latitudes, by this tablezas in thi 
example appeareth, - | 

x Serdowne the ordinary houres before and after noone 

2 By them the complements of the houre arches of this table, 
as they are found in the common meeting of the houre and lati- 
titude, or heighth of the pole above the plane, 

3 The Logarithmeticall fines of thoſe arches, adding the Ra- 
dius to the Log. ſine of thelatirude. 

4 Subdu the Log, fine of each arch, out of the Log.ſine of the 
| latitude, and there ſhall comeforth the Log, ſines of other ar, 
ches,which reſerve to be added as followeth. 

5 Vnder the complements of the houre arches aforeſaid,ſet the 
declinations of the Sun inthe beginning of each ſigne,or of any 
part of the ftgne,if you will proceed to parts. : 

6 Subtra& theſe declinations (beginning with 1 2 ) out of the 
complements of the houre arches ( or contrary when. there is 
- cauſe) for Northerne ſignes,and adde them for Southern ſignes, 

ſohave you new arches an{weradle toeach houre in cvery ſigne, 

7 The Log. cofines of theſe arches added to the Log. finesre- 
ſerved aboveſaid, beget new Log. fines, which found in the Ct 
non, ford the true altitudes of the Sun for each houre defired; 
only the Leg.Coſine of 1 2 givesthe heighth without correction 

$ Laſtly, the complements of the arches proper to the Log, 
fines reſerved, which helped to find the altitudes of the Sun in 
thereſt of the Z.0dtacke, aretie very altitudes themſelves of the 
Sun above the Horizon in'V and =, all which being colleftedin 
to arable (as here is done) it is ready for uſe; and note that whe! 
there is cauſe to uſe more nonres then fix, equill hoares from lis, 
have <quali arches, and Logarithmes belonging to them. 
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before |of the ar rithmes of found by 7 each houre in e- 
& after [ches in their fines, ſubduttwonvery figne., 
y00xe, ithetable anareſe erue| 
| I H.| E 29 | | * Yo! Honres, 
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& MNXII 21 
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_ Sen. - 4 


a ww 43 "7 309835 22143 

| eaber 42 - 9p8: 5 63/9768 9635 
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To prove the truth of this calculation, which affordeth with fo 
great facilitie the heighth of the Sunne in any ſigne or part for 
any houre or part of the day, let the Horizon, A&quator , Tro- 


piques, and hourelines be drawne, parts of the generall Scheme, 


25 is direed in thefourth Ghapter ; crofle the houre lines with 
thoſe Azimuths, which interſeA them at ws: angles , which is 
cafily done, ſeeing you have two points, t 


ſuch is the harmony of the Sphericks in generall, bur particular- 
lyof Azimuths and Houre circles,that as the South Azimuth co- 
| Incident with the Meridian doth crofle the 1 2 of clock houre in 
EF. | "GE 4 the 


eone inthe Aqua- : 
tor, the other in the/Zenith , 'ready given to draw them by ; for 
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SE 304 The Artof SHADOVVES, 
the Equator, and the ſix of clocke houreat right angles, 90 9, 
diſtant from the ſame, ſo doe the reſt ofthe Azimuths, which in. 
terſedt the houre lines in the Zquator , croſſe the other houre 
lines at right angles alſo, which are go d. diſtant from them, 

Thus doth the Azimuth a z1 crofle the x 1 of clocke houre Pa 
x x inthe Zquator ata, and the 5 of clock houre P15. 9e d. di. 
 Rantfromitart right angles in |, ſo doth the Azimuth b Z r,crofle 
the houre Pb 10 1n the Aquator at b, and Pr4,904, diſtant 
from 1tat right anglesinr, CZI, PCg, atC, andP r3at 1, 
dZh,Pd8,atd,andPh2ath.fZg,Pft7,atf,andPgr ate, 
Thearches in the table are Pl, Pr,P1, Ph, &c. and their 
complements (which are the firſt numbers uſed 1n this calculati. 
on) arel A,rB,IC, hn, gDand Z K which arecither found by 
the firſt part of the ninth caſe of O, 8. Triangles, it you worke 
with the obtuſe triangle, P Z N, or by the ſecond caſe of R.S, tri. 
angles, if you worke with right ang ed triangle PhZ. For 


Pr i te ARE alles ls þ 25d 


- L:  Logar, 
As the ſineof PhZ | 904d, © 10000,0000 
75 to the tangentof PZ, 38 28 9900,0865 
Sox the coſineof hP.Z Zo o 9937.5306 

. Tothe tangent of Ph 34 32 X9837.6 171 
{ onzplement h n F530 
EE nm 23 3I 

mh3r 57 
oh 78 59 


Snbſtratn m 23d. 31'. out ef hn 55 d, 28'. there reſteth mh 
'31d, 57/, for 2 of clockin 5, butaddenmorno 234, 3 x.nn- 

toling5 d. 28'. ſo have you h 0.784, 59/.for 2 of clocke inc, 
and thus areall the reſt of the numbers made up in the ſecond ' 

colame of the Table, by adding and ſubtracting thedeclinations 


proper to them, - © 8 - 

* Thefirſt 9 numbers of the 3 colume are the Logarithmeticall 

Sines of the arches formerly found ; only to the Logarithmes of 

5 1 4+ 32', theclevation of the Pole, the Radins is alwayes to be 

* The firſt 8 numbers of the fourth colume are found by One | 
—OEITY 11 CO LIE HE 1) MEL mnua 


F : 2. Up 
b o 
: 


44 


to 10 and 2 of clock out of 19893.74, the Radius andelevation, 
therereſteth 9977.92. the coupe of the heighth of the 
Sun in Y or =: for 8 and 4 of clock, for inthe Trianglenhd, 5p 
the 15 of the 4 of Regiomontanis, 


\ | oe Logare 
eM: the fine of nh $54, 28', 9915.8199 
Ts to the ſine of he 90 © 1o000.0090 
So #5 the ſine of KL jr 32 9893:7452 


Totheſneof,d 7t 53 9977-9253 


The complement whereofZ h 18d, 7/.equall tods, isthealti- 


tnde of the Sun in the Zquator at $ or 4 of clocke 990d. diſtant 
from Phn 2 of clock, and ſo ef any other,  _ _ 
 Thereſt of the numbers in the 3 Celumeare the Logarithme- 
ticall Cofines of thearches of theſecond Colume, which conti- 
- nually added to the Logarithmes of the fourth Colume , proper 
to theheighth of the Sun in the Aquator formerly found , doe 
makeup the reſt of the Logarithmeticall Sines of the fourth co- 
lame, which found in the Canon, give the altitndes deſired, as 
may be likewiſe proved out of the Scheme by the triangles 
Zh m, Zhn, and ZhO, by the ninth caſe of R,S, Triangles, For 


Logar. 


As the fine of hm or ThO. 904, ©, to000.0000 
Is to the copue of hm 31 57 _ 9928.6570 

- £5, Mana 78 59 9281,1482 
So.zs thecoſineof Fh © © IS 7 9977.9253 


Tothe coſine of Z m 36 15 9906.5823 
= Or ZO 79 3% S0I9-0735 


Thereforemp 5 3d. 45'..the complement of Z m, is the alti- 
_ endeof the SunnefoF 10 and 2 of clocke in &, and OV 10d. 
28', the complement of Z O, for the fame houres in 2, the 

4 4 & # : "A CD 4a tw 6 + T> 7” =. - SY "FIEE 4 SG SE» ic © | 6 g 


. , _ ——_— a , . = n PO . 4 7 f P " a " m_ z - "mp AA ce 4 r: FE , 'L "HR VS bs 
Pn" ITE AE IR Ce INE IE" TILY EET nn BEE Ed nos Ee a ee Ra oe ta oy hs 2. 4 Sz Ca Ee "x 
4 2 X - 4 Y, « 4 by p - ; : 1 A x "F.- 
- 
* < 
— #* .- v — . D 
I 4 
T Ke) 
26.4 
| | | : "'Y aneR, > | C 
x : p % 
+4 \ l ? : 
& <a 


of the elevation of the Pole; ſo if you fubduRt 9915.82.) proper KW 
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of the houres alſo, 
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= | Da XEXTV.- 
 Todraw aDiall upon the ſeeling of a Reome, 


Zd Will now conclude this worke with a concett 
» Of Sconbergirs , who hath alſo borrowed the 
zo ſame from Babtiſta benediftra : vis, how to 
ſa draw a Diall upon the feeling of a Roome, 
: = whereby we may ſce the houre of the day , by 
Ont ww therefleted beamesof the Sun,as we fit with- 
1n doores.I confefle it isa pleaſant thing,to behold how! Arthath 
| taughtthe Sun to trace out thoſe lines and paralels by refleQion 


” fromaglaſſ, which thedire& beames can never ſhinc upon. 


The Demonſtration. 
Thereaſon thereof is grounded upon that axiome of Exclsae 


i In his (atoprrigques : that the angles of Incidenceand Refleion 
# -Aareevermoreequall ; as may appeare by this Diagram. 


Tet ABRKrepreſent theſeeling,L D C the Horizontall plane, 
paſling thorough the glaſſe at D: D B thediſtance from the glaſle 
to the ſceling; upon {x Radius D B draw thefemicircle.L B C, 
Tepreſenting the Merdian : let E be thealtitnde of the Stin in cf 
14 d.57". Finthe Zquator 389. 28", and CinS, 61 d.5 ps 
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by the foriner axiome the Sunnein G caſts his beames upon the | 
lafſein D, which refle&s them backe againe to H : in itre. 
Des to 1: in Eto K: making the angles H D B,cquallto GD B, 
I DBro FDB;andKDBtoEDB, Now if DB bemadethe 
Radius, then ſhall AB K beatangent line to it: and the points 
H, I, K, upon the ſeeling may be cafily found dy the naturall tan. 
gentsof the Complements of the angles aforeſaid - and the ſame 
reaſon holdethupon every other houre circle,as well asupon the 
Meridian, 


The projettion. 


Having thus laid the feundation , proceed to the worke : and 
firſt of all make choice of a fit place, either without the window 
inthe aire; or upon the Sell or Tranſam of the window, where 
to place a ſmall piece of looking glaſſe ( not above: part of an 
inch diameter at the moſt) exeactly paralell to the Horizon : 
yetſo, that the reflected beames of the Sun may paſle withour 
impediment from the glafle to the ſeeling, (which any caſement 
opened, or quarrell of glafle taken out of the window will ad- 
mit) and let there bea moveable cap to cover it from the wea- 
ther , when you liſt not to looke after it, or the Sunne ſhineth 
nor. 

The place being choſen, draw the Meridian line(as'isdire&ted 
in the {ixthor tenth Chapters ) firſt upon the flowre for eaſe 
fake, which by perpendicnlars may afterwards be transferred in- 
to the ſeeling : and this line muſt alwayes paſſe thorough the 
- center of the glaſſe, Next ſeeke thediſtance from the glaſſe to the 
ſecling, wherein you muſt be very accurate,becauſe this diſtance 
is the Radius to dire&the reſt of the worke, and muſt cut the 
Meridian line at rightangless ey 

Suppoſe that Meridian line drawn upon theTeeling,be ABCE, - 
the place of the glaſſe (let into the Sell or Trariſam of theWin-. 
dow the thickneſle thereof, ) atD the diſtance of the Glafle from ' 
tne Seeling D B, make D B the Radius, then ſhall ACE be a. 
tangentline thereto z and the ſeverall points .A, R, C, E, upon. 
the Meridian, are eaſil y found, by naturall tangents, withour the 
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* trouble of cafculation, For if you divide DB into xo or 100 
' parts (asisdire&ed inthe firſt Chapter) B C ſhall be 1259, the 
| maturalltangent of 511 6, 32*, the complement of theheighth of 
* the Zquator :D C 1607 the ſecant thereof : B A 794 the naturall 
tanzent of 38d. 28, the complement of the heighth of the Pole; 
and A the center of the Diall, where all the houre lines will mect 
_ abroadintheaire, if we had anyneedthereof; BR 532 the na-. 


> * I. _ 


curall tangent of 28d. 1', thecamplement of the heighth of the 


Sun in 5, and B E 3745 thenaturall rangent of 75 d. 3*.the com. 


plement ofthe heighth of the Sun in 78. 


Thorough the point C draw the line CK art right angles to 
the Meridian, repreſenting the Zquatorupon the ſeeling:make 
C D the Radius of the Xquator, then ſhall CKbe a tangentline 


thereunto : divide CD into 100or 100 parts as afore, then 
ſhall C Gbe 352 of thole parts, the naturall tangent of 15 d.fot 
11 and 1 of clecke, and CH 577, the naturall tangent of 30 d. 


for 10.and 2 of clocke : and Cx 1900 equall tothe Radius, the 


naturall tangent of 45 degrees for 9 and 3 of clocke: and CK 
x73z, the naturall tangent of 6Q degrees for 8and 4 of clocke , 


if the houres and 7 and 5 ofclocke will not fall conveniently up- . 
on the ſceling, they muſt bee ſupplied from.an Eaſt and Weſt 


window. _ : | 

Having found the point G, H, I, K, upon this ZquinoGiall , 
thorough which the houre !'nes muſt paſſe : you may draw ano= 
ther paralell unto it, from any part of the Meridian where you 


will. Let thatline be EP, drawne from the interſe&ion of ce, 


and the Meridian : from the point E raiſe a perpendicular to the 
axis AD continued to L, which willbe paralell to CD, if there 
beno errour in the worke. Make E L a new Radius', which di- 
vide into 10 or 100 parts as afore, then ſhall EP be a tangent 
line thereunto; and rhe ſame naturall tangents, taken of this line 
divided, asformerly they were of CD, ſhall give the diſtances 
of M NOP from the Meridian, correſpondent to the former : 
by each two points G M, H N, I O,and K P,draw ſtreight lines: 
ſo ſhall you have the true honre lines, for the refleRed beames of 
the Sun without any regard to the centre,which fals without the 
roomein the aire, - 

IF you bedeſirous to draw the paralels of the Signes, (thoſe 
two of & and c@ being neceſlary, for confining thelength of the 


honre lines) or thediurnallarches, Almicanters, and the like,you 


bave dire&ions for them in the 27. 28 and 3o Chapters afore- 
{41d, but if you will worke by the complements of the Suns altis 
tude, make D B the Radius again, the diſtance of the glaſſe and 

” 2, | ſ*e- 
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ralells defired. HE 
Thelike may bedone, upon any ered plane, South, North, 
Eaſt, Weſt, or declining; alwayes placing the glaſſe the length of 


the pependicular ſtile, from the plane, ſuppoſed to be inthe cen- 
ter of the earth, | | E119, 
- , Andnotethatif you firſt draw the Diall in paper to your li- 
King; you may (by helpe of a foot, divided into ten parts, and-: 
| thereof by Diagonalsinto 100) transferre the ſame into the ſee- 
+ ling, as wasdeſired. | 
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Cn AP; AXAVY. 
Dzvers propoſitions neceſſary for Dialling, 
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' PROPOSITION: I 


The elevation of the Pole, and declination of the Sunne be- ; 
 #ng given, to findat what houre the Sunpaſſeth from. 
' the one fide of the Prime werticall to 
1 00 other, | © | 


S the Spheare it ſelfe may be ſeverall wayes pro- 
jected in pl/ano , ſo may the particular parts = 
thereof neceflary for this purpoſe ; the uſuall | 
A Way 18 by making thelimbe,or outward circle, 
to be the Meridian ; ſo the face of the Scheme 
. repreſenteth the Eaft or Weſt Er 
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Irather retaine my firſt forme, which making the Horizon to be 
the limbe, the face thereof repreſenteth the upper or nether He- 
miſphere,and wilſetve much apter for this purpoſe)reſolving all 
the Propoſitions following by right angled Triangles alone,with 
the helpe of the heighth of the ſtile, and angle of the Meridian, 
eras maſt of neceſlitie be firſt found, before any Diallcan be 
made, LETS 
| Toreſolvethis queſtion therefore, you may remember that 

NESW is the Horizon , NZS the Meridian, E ZW the 
prime verticall, S AS the Tropique of Cancer, EKW the 
EquinoQtiall, c@.B c& the Tropique. of Capricorne , Þ the 


North Pole , and Z the Zenith, PSR aMeridian, or houre 


Circle croſling the Tropique of & in the point S upon the 
Prime Verticall : ſeeing then that every North and South 
TT wall 
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' 392 The Art of SHADOVVES. 
South wall lieth in the plane thereof, whenſvever the Sun fors 
keth the one ſide, it ſhineth upon the other; Which time will be 
needfull to be knowne that you put not more houres upon either 
'» Diall, then theSunne1n his greateſt Northerne declination can 
+ ſhineupon. TheangleatP, whoſe meaſure is K R, or the com- 
* plement thereof R E, giveth the houre of theday defired, which 
you may find by three {everall triangles , for in the leſſer triangle 
RSEright angled atR, you havethefide RS thegreateſt de- - 
clination,and the angleat E, whoſe meaſure is Z K, equall to. the . 
poles elevation, to find the lefler ſide R E &y the firſt of the forth 
_ Caſe of R.S, triangles : or againe 1n the quadrantall K Z E you 
have Z K, the difance of the EquinoQtiall from the Zenith, e- 
quall toP N the elevation of the Pole, and RS the declination, 
andthe quadrantKE, to find RE, by the ſecond of thefourth of 
Pitiſczes, or thirdly, in the triangleP ZS verticall toRSE, you 
have the right angleatZ , andthe two ſides P Z 38d. 28, the 
complement of the elevationgand P S 66 de-29'.the complement 
of the declination to finde theangleat P , whoſe meafure1sK R, 
the houre deſired, by the ſecond caſe of the fourteenth caſe ofR,S, 
triangles, For — BO 


a 


| | Logar, 
es the tangent of PS 664,29), 10361,35 
Ts tothe ſineof PZS I 90 © 10000,00 
So z5 the tangent of Z Þ 38 28 _9900.05 
To the ſineof ZLSP Fo 20 14. #953873 


Therefore PS  694.46'. 


Which 69 degrees 46'. reſolved into time , giveth foure 
houres 39/, for K R, reckoning from the Meridian, or the com= 
plement thereof 1 houre 21 for R E,accompting from the prime 
verticall or houre of ſix. Now then becauſe the Sunne forſaketh 
the North wall 21', after 7 inthe morning , and returneth tot 
againe 21. before 5 at night,it is necdleſſe to put upon that Diall 
8 of clocke in the morning, or 4 at night, either of which houres 
the Sun can never ſhine upon in our latitude. | 
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- PROPOSITION Iz. 


The elevation of the Pole, and declination of the Sun beize 
even, to find what time the Sun ſhall part from the 
one fide of any declining plane to the other 
fide thereof. 


q LL. ere& planes declining lie under the azimuth'of 
FA their declination; thereforeletC Z R D bea de- 
7 Clining plane, 45 degrees from E or V, as much 
| as thePolesthereof H and F decline from the 
North and South parts of the Meridian Nand S; 
cutting the tropiques of $ and ce in the points 
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SandC: and 1ctPC, andP S, be two Meridians , or houre cir. 
cles drawne from the Pole, croſling the tropiques upon thy 
plane in theſaid points of Cand S ; the angles CP Z and SP7, 
{hall give the hourts of the day , (whoſe meaſares upon the &. 
quator are x K,andz G) when the Sunin each tropique fork. 
keth the one fide of the Decliner, to ſhine upon the other; which 
you may find by the two oblique triangles C P Z, and SP7Z 
(wherein two {ides and an angle adjacent are given )by the tenth 
caſe of O.S. triangles, But by helpe of the angle between the two 
Meridians ZPR, and the heighth of the Pole above the plane 
PR (which mult alwayes be found before you can make the Dj. 
all) you ſhall eaſily reſolve this andthe like queſtions by the 
rightangled triangles SR P, and C R P : forin thefirſt you have 
the right angle at R god. o', and thebaſe oppoſite thereto PS, 
the complement of the declination 66d. 29, and the lefler ſide 
PRrthe heighth of the ſtile, or Pole above the plane 26 d, 6 (as 
inthe ninth Chapter appeareth ) to find the whole angleSPR, | 
out of which the angle,Z P R being ſubtraQed , there reſteth 

SP Z, thehoure dcfired in S : but unto that whole angle SP R, 
the angle Z ÞP R being added, the complement thereof to 1 80d, 
giveth the houre 1n 78, by the ſecond of the fourteenth caſe of RS, 
zriangles, For 


 Lopar, 
es the ſine of $ R P Y | 904, & 10000.00 
Ts to thecotangent of PS 66 29 96385 
| Sors the tangent of P R 26] 6 ' 9690410 
 Tothecoſineof SPR 77 41 #9328.75 
Subtract the angle Z P R Fr. FT 
'TherereſtethSPZ _ 25 44 whick'te 
ſolved into time giveth one houre 43', for the time in S, 
Acaine unto the angleSPR / 77 41, 
 AddetheangleZPR FE-$7- 
There ariſeth an angle of "230 28 
VW hoſe complement to 1 80 dis 50 22 converted 


unto 
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into time, giveth 3 houres 217, + for thetime in 72, whenthe 
-  Sunpaſſeth from one. ſide of the plane to the. other ; vetweene 
which two limits the annuall varietie of the Sunne1s concluded, 
wherefore you may putupon any Diall declining Eaſt 45 d. the 
houre of 3 of clocke , and declining Weſt as much the houre of 
9 of clocke, aid a 2 if you will, at which times the Sunne patlech 


to their oppoſite ſides, And ſeeing by this calculation it plainly 


appearerth that the Sunne keeping the vyay of the Ecliptique pre- 
ciſely, may notwithſtanding vary an houre and almoſt } of time 
upen the ſame azimuth of Southeaſt or Southweſt , npon which 
the Moone here at Loxdoz maketh full Sea,both art full & change; 
which yetin reſpe& of her latitude may alter the time more, let 
them'that preſcriberules for the tydes conſider how feldomethe 
Moone commethupon the $, W. or S. E. a2zimuthes juſt ar the 
houres of 3 or 9, and regulate the times thereot accordingly. 


F 
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PROPOSITION 1INLL 


The elevation of the Pole, dechnation of the Sun, and reclinatiog 
of the Plane betng given; to find what time the Sun for(a- 
 kethayu E,or W. reclining plane,aud ſhineth 
pon the incliniag oppoſte 
thereto, 


tt 


2 He planceof Eaſt and Welt reclinersor incliners 
*W lyeinthecircleof poſition denominating their 
| Ke) reclination : Let that circle be $ F N of the firſt 
2: Scheme , reclining from the Zenith upon the 


' # / F/ < 
[///4,.4 


VS a SO | . : | 
FAT mT S cutting the tropique of & in the point D : and 


let the houre circle paſſing by the place of the Sun be P DR in- 
terſeAing the tropique and the plane in the tame point D : the 
angle D P A, whoſe meaſure 1s r K , ſhall give the houre , when 
the Sun paſſeth from the upper face of the reclining plane, to the 
Oppolite the inclining and nether face thereof ; which you may 
and by the quadranrall F Z S, and the verticall triangles CK 5, 

| Dd 2 and 


LLAA EN A $6/1 © . . - | 
>) C4 primeverticall E Z W the quantity of Z F 35 d. 
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and CrD:KCandCrmeaſuring the angleat P, by the firſt of 
the fift caſe of R,S, triangles, but I rather reſolve it by the right 
angled triangle D R P, having (by the eleventh Chapter j the an- 
' gle R D Nbetween the Meridians,and the {ide R P,the heighth 
of the {tile above the plane, readie calculated ; wherefore PD 
being 66d. 29', and PR 26d. 41', I fay. by the ſecond of the 
forrteenth caſe of RS, triangles, 


Ir cv | OO 
eAs the fineof PRD Th d, o', TO000.00 
1s to the cotangent P D. 66 29 9638.65 
So # the tangent P R | 26 4T 97011 
To the copneof DPR 77 22 £9339.86 
Veto which adde the angle R P N | 
© vorweure the two MMeridians $ hs , 
There ariſeth the angle D Þ N 143 50 
© Whoſe complement to 180d, : Pl, 
giveth the angle DPZ C3 


Which 36d. 10', reſolved into time, giveth 2 houres 24/5 
afternoone , when the Sun in the tropique of & forſaketh the 
Eaſt reclining 35 d, and illuminateth the oppoſite the Welt in- 
clining plane as mach, or it giveth 2 houres 24'; before noone, 

when the Sunne parteth from the Eaft inclining plane, and 
enlighceneth the Welt reclining as much, 
- 
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_ PROPOSITION Iv. 
The altitude of the Pole, declination of the $Suy, and reclination of | 
the plane betag given , to find what time the Sun ſhall for- | 

ſake a North ielining plane , to ſhine upon the 

South reclining oppoſite thereto, 

— Hereare fix varieties of North and South recl- i * 
 ningand inclining planes, as by the 1 2 Chapt! 


y more atlargedoth appeare : of the three Sout! 
ay ther which rcclineth co the Pole, lyeth in the {1x 


of clock houre elrcle,repreſented in the a” 
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by the lineE P W, and therefore the caſe 1s plane,that the Sunne 
alwayes paſles from one {ide of the flat to the other , juſt at 6 of 
clock; and in the Southerne ſignes ſhines not at all upon the 1n- 
clining ſide, The like may be ſaid of E a W , the North rcelt- 


ning plane to the EquinoQiall;for during the time of the Sunnes 


avode in the Northerneſignes,it onely fhines upon thereclining 
part in the Southerne fignesupon the inclining part thereof, bur 
the times of the reſt are thus to be found. The South reclining 5 5 
degrees,repreſented by the circle E C X W,cutteth the trop1qu- 
ot Sin twoplaces at Xand B, fo doth the South reclining: 


repreſented by EDGW interſect it twice at G and d,by which 


i 


It plainly appeareth, that from the Suns riſe in S, till he comet; 
Þ and d, be ſhinethupon the inclining ſides of the planes ; from 
thence to G and Xupon the reclining fides of them ; and from 
thoſe points till he ſet upon the inclining ſides again. Therforeler 
fall two Quadrants from P to the &quator,paſiing by XandG, 
viz PXRandPGF,thelike ſhould bedrawnefromP by b and 

d, but to auoid confufion of lines :; ſo have you foure Triangles, 
to determine the fame by, either P C X orhigverticall WR X, 
for the firſt caſe : and DP G, or his vertical F'W G, for theſe- 
cond caſe, In thetriangleP CX, right angled at C,you haveP C 
the heighth of the pole above the reclining plane ECW 16d, 
22/, aspar. 148. and the baſe Þ X, the complement of the decli- 
nation 66d, 29', to find the angle atP : wherefore by the ſecond 


of the 14 caſe of R.S, trianglec. 


Logar, 
e-Ls the fine of P > 9 1 go A. of. T0000,00 
Ts tothe cotanneut PÞ X 66 29 963 8.65 
Sos # the tangent P C 16 32 9472.53 
Tothecoſineof CPX _ 82 35 E9rii.18 


 Subtra>t CPX 829, 35”, autof NP W god. there remaynes 
RP W. or EPb 7d. 25', which converted 1nto time giveth o 
houres 20”. before 6 of clock in the morning,and after 6 at night, 
when the Sun in 5 departs from the inclinins fide of the plane, 
and ſhinesupon the reclining and contrary. In like manner, in 
the triangle DP G, yon haveP G, theſame with PX, 664, 29/, 
and P D the heighth of the South Pole above the reclining plane 
EDW, 136d. 28'.aspag,144.and therightangleatD, to find 
theangle P, wherefore by the ſame caſe. | 


| | Logar. 
As the fine of PD G 904, ©, 10000,00 
7s £0 tne cftangens P G | 66 2 9 9638.65 
| Jos the tangent P D I3 28 9379.24 
| | Tothe copneofGPD $84 2 #X5017.89 


Sud- 
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Subtra>GPD 84d. 2, ont of a Þ W 909. there remaynes 
W P For EPd, 5d. 58". which converted into time, giveth © 
houres/24', after and afore 6 of clock, when the Sunnein S for- 
lakes the1nclining [ide of that plane , to illuminate the oppoſite, 
the reclining part thereof, and contrary. And thus may yoube fa- 
cisfied for any other declination of the Sun whatſoever. 
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| PROPOSITION V. 

T he altitade of the pole, declination of the Sun, and reclixation 
of the plane being given, to find what time of the day or 
geare the Sunne forſaketh the North reclining 
part , to ſhine #pon the South intlining 
part thereof. 

Hy CIA 
HER ZD EaW, andEH W, repreſent the three 
eY/2 [RS ſorts of North recliners ; whereof that 
As CY which reclineth «1 deg. 32”. lycth in the 
plane of the Equinoctill circle,ot which I 
have ſpoken before. For the plane recli- 
an SA, ning 25 d.repreſented by the circle E LW 
7 C@@&z27@ during the Suns ſoutherne declination, it 
only ſhinesuponthe inclining fide : but during his abode in the 
Northerne ſignes , ſome part of the day upon thereclining fide, 
and ſome part upon the inclining , as doth plainly appeare in the 
ſcheme; for from the ſunne riſe in S, till it come to 25 d, where 
the tropique cutteth the plane, it ſhinethupon the reclining (ide, 
from 25 to O upon the inclining fide, and from O to the Sunſct- 
ting in S upon the reclining fide 2gaine : which times are thus 
to be found, Draw a Meridian, or houre circle from P to M , ins 
the Xquator, by O the interſe&tion of the plane and trop1que z 
thelike may be drawne on the other ſidealſo; the angle MP a gi- 
veth the time deſired : which may be found by three ſeveral] tri- 
angles: for in the quadrantall W a L, you have La 26d.32'.and 
OM 234. 31'.and thequadranta W god.to find the fide M WW, 
whoſe complement is M a, the time deſired ; by the ſecond of rhe 


faurth of Pitiſers, or inlefſer triangle W M O, you have the an- 
by) 


N the former ſcheme, the circles E LW, 
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gleat WW, whoſe meaſure is La, and the lefſer ſide MO, to find 
The greater ſide M W, by the ſecond of the fourth caſe of right 
angled Spherical Triangles : or laſtly, in the verticall triangle 
POL, you havethe right angle atL, andthebaſe P O oppoſite 
thereto 66.d 29*, and the greater fideP L 63d. 28), to find the 


cfſer angleat Þ, by the firſt of the 14 caſe of R,S. triangles, For 


ZLogar, 
es the [ine of PLO : 904d, of. 10000,00 
Ts t9 the cotangemnt PO 66 29 9638.65 | 
 Sorsthetanrentof PL 63 28 10301,62 
To thecoſineof OP L EE 29 22 F9940,28 


"Which 299d. 22, reſolved into time, giveth 1 houre 7'. *, 
both before and afternoone , when the Sun in Cancer forlaketh, | 
and retnracth againe to the reclining part of the plane. 

In like manner, during the abode of the Sunne in Northerne 
Genes, it only illuminateth the upper face of the plane, reclining 
70d. repreſented by thecircle E HW, thereſt of the yeereit 
ſhineth upon bath (whoſe times are caſily found by the declina. - 
tion)untill the Meridionall receſle of the Sunne from the Zenith 
þe greater then the reclination of theiplane, and then it ſhineth 
only upon the inclining| part thereof. To find the time of the 
yeere for that, firſt draw the Ecliptique line W T B, then ſub- 
trat Z a the rcclination of the EquinoCtiall 5 1 d. 32',out of Z H, 
the reclinati»nof theplane 704, there will refta H 1 8 d.28'.the 
declination of the paralell , when the Sunne forſaketh the recli- 

-nins ſide, and onely ſhinethupon the inclining ſide of the plane; 
by the declination and amplitude draw tis paralell K H (or 
ſeek the center thereof by therules of the fourth Chapter) which 
ſhall crofle the Ecliptique W B at T , whoſe degree and minute, 
from cither cardinall point I would know. In the quadrantall 
W B aT have the greateſt declination given Ba,and the particu- 
 lardeclination of the planc, or paralell T I, cquall to H a; to find 
thefide WW T, 6p the forſt axtome of Pitiſcris R.S, triangles: or in 
ehe ſina!l triangle T LV, to find the fame, Ly the fir ft of the erght 
caſe of RgS, trranples, For | | | 4 


L 
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Logar. 
ef; the fine of B 4 . _ 234. 31'. 9600,99 
Is to the whole fone BW 90 7 10000,00 
So is the fine of TP? 18 28 9500.72 
To the ſineof TW © 5% 37 9899.73 


Our of 5-2 d. 3 3'. ſubtra& 3o d. for theſigne of =, there will | 
remayne 22d. 33' of mfortheplace of the Sunne, when it for- 
ſaketh the reclining plane, and ſhineth onely ppon the nether 
face the inclining part thereof, till itaſcend againe into 7 d. 277. 
of, which is in paralelliſme withir, by this place of the Sunne 
every Almanack will ſhew the time of the yeere. 


_— —— 
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PROPOSITION VI. 


The altitude of the pole, and declination of the S n,together with 
the declining aud reclining of the plane being given, to find 
what time the $unforſaketh the North imclining- 


fide, to ſhane upon the Sonth reclining * 
oppoſite therete. > 0 
— T . -— _ | 

N declining reclining planes there are the 


17A Sonth decliningplane from E or W ;04. 3 
£707), 38 much as the poles thereof M,L, decline | 
Z 


, from Sor Nofthe Meridian, and ler the 
< DW three reclining planes beeKH D 209.0. 
the example of the 15 Chapter,and K G D 344. 31'*. the exam- 
ple of the 14 Chapter, and KF D,55 d.o'. the example of the 
16 Chapter, in all which I would find the time that the Sunne 
forſaketh the one ſide of theplane,to ſhine upon the other; And 
arit you may obſerve from the bare ſight of the ſcheme, becauſe 
Nezfopique of Cancer S T &,crofles cackof theſe planes in two 

7 IR | placcs, 
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places, once atFandh, againeata and d , that therefore the San 


; in that tropique will both Morning and Evening ſhine upon the |} - 
| anclining parts of theſe planes, untill the amplitude thereof be 39 
| degreesequall to the declination of the planes, from which time ' 


| following hee ſhineth npon the inclining part no more in the 
Morning. Now then draw Pdr, and Paltwo Meridians , or 

Heurecircles, from the pole P , croſſing theplanes K C D, and 

K HD, in the tropique of S atd anda : the like ſhould be done 

- atfandh, but to auoid confuſion of lines ; In the right angled 
eriangleP R D you have the baſe P d, the complement of the de- 


clination 66 d, 29'. and the ide PR, the heighth of the po o 
le 


FY - 0 of an 
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file above theplane , found by the 16 Chapter tobe 19d, 257. 
| and intheſame place theangleR PN, betweene the two Meri- 
dians 17d. 38', (which two things Ibprrow as often as there 
:c cauſe, to facilitate the worke, conſideringithey muſt of neceſ- 
ſity be found before the Diall can be made) by helpe whereof to 
find the angle d Þ R. by the ſecond of the 14+ caſe of R,S, Tri- 


angles, 


| 7 | — Logay: 
As the fneof PRA | 904, 0'.10000,00 
Is tothe cotaungent Pd | 66 29 9638.65 
So z5the tangent of P R Ig 25 9547.14 


To the coſine of dP R p oI IT F9105-79 


VntotheangledPR 81 d. 11*.'adde theangle NPR, 17d. 
38, the wholeangle NP D is 98d. 497.90 d. 18 6 houres,there- ol 
fore 8d. 49'. relolvedinto time , giveth o honre 35”. beforeſix t 
at night, when the Sunne in S forſaketh the plane reclining to 
| ſhineupon the inclining fide thereof,or againe the angled Þ R is 
_ equall tozPr, $1d. 11'. which reſolved into time, gives five 

houres, 25', from noone. In like manner in the triangle P X a, 
right angled X, yon have P a 66d. 29'. asafore, and PX the 
length of the ſtile, x 3d. 49', and XPO 28 d. 52. the angle of 
the Meridians by the 1 5 Chapter,tofind a P O theangle deſired, 
by theſecond of the 14 caſe of R,S. Triangles, For 
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| | Logar, | 
As the ſneof PXa 90 fd. O', 10000,00 ; 
 Ieto the cotangent Þ a 166 29 6638.65 1 
PERO  - 13 49 93908r Þ# 
To the coſine of «PX _ 83 51 Igo2g-46 | 


Out of the anglea P X83 d. $1'. ſubtra@ the angle X P O 
28degrees 52/, there remaynes the angle aP O 5 4 degrees 59" 
which converted into time , giveth three houres 40'. after- 

_ noone, when the Sunne parteth from the plane reclining 20 
Gegrees ©', and ſkineth upon the inclining part oppoſite there- 
tO. 
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4 + ———— 
"" \ * ee” ” PO OP 


404 The Art of SyavDovwves:. | 
ro x For the timesat f and h, when the Sunne neere his rifinp» 
_ forſaketh the inclining ſides of theſe planes ,- toi ſhineupon the 

reclining ſides thereof';-+you needireſolve no Triangle, fFPR. 
beingequall to d PR,;'Wherefore as you addeR PN,17d.38, 
to d PR,fo muſt you ſubtradt it from fÞ R,and there will remain 


 FPN 63d. 33' | which converted into time, gives 4 honres 


I4'. from midnight, that is neere a ; after 4 when the Sunne 
leayeth the inclining part of that plane ; likewiſeh Þ X is equall 
toaP X, thereforeIadde XPo 28d. 52'. unto h P X 83 de- 
erees 51'.the whole angle h P O is x 1 2 degrees43'.whoſe com- 
plementto 180d, gives NPh67d. 17. either of which reſol- 
- vedinto time, giveth the houre reſpecively, v:z, 112 d.43'. gi- 
veth 7 houres 31*. from noone,or 67 d. 1 7'.giveth 4 h. 29'.from 
| manic when the Sun leayeth the inclining {ide , and ſhineth 
upon the oppoſite ſidereclining 20 d. o', Laſtly, every plane res 
Clining tothe pole, as K PD doth,is coincident with ſome houre 
circleor patt, and therefore the Sun in what paralell ſoever, paſ- 
ſeth from one ſide of that plane to the other, at the ſame honre 
and minute ; which you may find either by the triangle GP Z, 
by the ſecond of the fifteenth caſe , or by the verticall to it 
NPD, by the ſecond of the ſixteenth caſe of R. $, Triahgles, 
For 


N HET Logar, 
es the fneNP  F14, 32! 9893.74 
ts to the fine of P ND | J90O Oo 10000,00 
S#3s the tangent of ND 60 Q' IVa3 8.56 
To the taugent of NE D 65 41 1034482 


Fat) which GP 7. 5 alſo equal, 


W hich 65 d. 41', being converted into time , doth give 4 
houres 2 3”. almoſt, reckoned from midnight, when the Sun paſ- 
ſeth of the inclining to the reclining plane , and reckoned from 
noone, when heforlaketh the reclining,and ſhineth upon the n- 

 clining fide againe. And thus it continueth till the Northerne am- 
plitude of the Sun be equall to E D 304. the declination, of the 
plane, from thence forth it ſhineth no more upon the incl1ning 


partin the morning, and when the Southerne amplitude of oy 
$0. x ' 


——_—_ 
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$1n is equall to W K 30 d. the declination of the plane, then it 


forfaketh the inclining fide at the cre and the reſt of the 


yeere it onely enlightneth the reclining fide of the plane. 


_ — 
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PROPOSITION VII. 


The altitade of the Pole,and declination of the Sun, togethar with 
the declination and reclination of the plane being given, to find 
what time the Sun forſaketh the South enclining ſide, to 
ſoine pon the North reclining oppoſite thereto, 


ae Hcthree caſes of Northrecliners are repre- 
pomeand JW {cnted in this Scheme by the three circles 
by ea KML,K d L,and K Q Lzythe firſt reclining 

; ). 


AC 
PA - #þ p f 
; Lf 
: , er. Fl 
y 


@> 11,andthe third ZQ54 d, &', theexam- 


F 
A, 


") <= -O I K ZL, the quantity of WK 604, from W 

E. as much as the poles of the plane G andH declinefrom the 
Nl th and South parts of the Meridian N and'S. Now the great 
circles EPr, DP R, and CPO, being drawne, which falt at 
right angles upon the planes , together with the houre circles 


POT, Pbx, andPAzZ, falling at right angles upon the Equi- | 


noRiall', you have (everall right angled triangles framed to de- 
termine thetimes required ; Firſt therefore for the plane recly- 
ning 5.4 d. 9, the hourecircleP OT cutteth the plane in at a, 
making the triangle P « a, whoſe angle at P 1 would know.P a is 
thecomplement of the declination 55 d, 29'.and Pr theheighth 
of theſtile above the plane 54.4.43'. (by #h# 20 (hapter wheres 
fore by the firſt of the fourteenth caſe of RS, triangles : 


Logur. 
es the ſineof Pra . 9904, ©, I 0000.00 
Ts tothe cotangent P 4 | 66 29” 9638.65 
So 75 the tangent Pr 54 , $3. 10r50:2T . 
T9 the coſine of RPa (2 > 2 a7” 


Vnto 


_ OE 4s: 4-5 <4 neg 


Z M 164, o'.from Z,theſecond Zd, 32.4. 
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 VantotheanglerPa 524. z', adde the angle berweene the Me- 
p- T idians (found by the twentieth Chapter to be 61 d. 47. from 
| theNorth)v/z. NPr, or taker Pa $2 d.3'. out of the angler P'S 
' 118.d. 13'. counted from the ſouth, there remaynes 66 d.10', 
forthe angleSPa, which converted into time , giveth 4 houres 
' 24. before noone, when the ſunne ins forſaketh the inclining 
| ſideof theplane, and ſhinerh upon thereclining ſide thereof. | 
| Inthenextcaſe,the houre circle Pb X crofleth the plane in S 
' atb,and maketh the triangle P Rb, wherein as afore, I have tho | 
| baſePb664d.:9.andrhefideP R (found by the 18 Chapter) 
| 42d, 52/,the heighth of the ſtile above the plane,aud inthe _—_ 
| place, 
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place,. the angle betweene the Meridians NPR god, asitisin Y_ 
all declining reclining , which paſſe thorough the interſetion of —=}* 


the Meridian and EquinoQiall, wherefore by the ſecond of the x 4, 
caſe of R., S\, triangles. © » 

As the fone of PRb . 90 d. « TC 0000.08 

Is to the cotangent Þ b 66 29 9638653 
So #5 the tangent P R 42 52 9967,63_ 
To the coſneof bPR ' 66 11 £9606.28 


Out of the angle x PR 900. take theangle bY R 664. x x'. 
there will remayne 23d. 49g'. for theanglez Pb, whichcon- 
verted into time , giveth 1 houre 35'. before noone, when the 
ſunne leaveth the inclining , and chinethupon thereclining fide 
of the plane. Laſtly, the Meridian or houre circle P A z cutteth 
the reclining planeKM Lin'Sat A ; wherefore in the triangle 
P O A,Thave the right angle at O,and the baſe P A oppoſite ther- 
to 66d. 29/. asafore, and the fide P O, the heighth of the Rite 
above the plane (found by the 1 9 Chapter) 3zod. 5 9'. and in the 

| fame place theangle# P O betweene the two Meridians 76d. 


10". by helpe whereof to oHvVe theſmall angle z P Ay the ſecond 


of the 1 4. caſe of R S$;triansles, For Xo 
So A | Logar, 

eftheſineof POA, , ' god, ©, 10000.00 

T; to the cotangent of P A 66 . 29 9638.65 

So ts thetangent of P O 30 59 9778.49 1 

To thecoſine of eAPO 74 51 X9417.14 } 


Out of the angle betweene the Meridians x P O 76d, 10', 
take theangle AP O 74d. 5 1.there will remayne the ſmall an- 
elexP A, 1d. 19. which convertedinto time, giveth o.houre 
5. only before noone, when the {unne forſaketh the inclhning, 
and ſhineth upon the reclining ſide of the plane : And theſe be 

| All the varieties, that can happen upon any kind of plane; many 
othertſes may be made of theſe propoſitions,thoughtfor the yy 
| cnc 
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PROPOSITION VIII. © 


The altitude of the Pole , and declination of the Sunne,to gether 
with the declination, or reclination, or declinatian andre 
clination of any plane being given ; to find in 
what Country it would be a ho- 
riQontall plane. 


O reſolve ths queſtion , there is one gene- 
rall rule, vx, the Diall being calculated 
toany declination, or reclination, or de» 
clination and reclination given , the an- 
gle berweene the two Meridians of the 
place and the plane is the longitude, and 
i (Ez, x5 theheighth of the ſtile, or pole above the 
'F  m————e————_— plane), is 'the latitude of that Conntrey, 
_  Wheretheplane propoſed would be horizonrall : and the decti- 
| nation Eaſt or Weſt ſhewerh the bearing of the place from us ; 
l it the Subſtile happen upon an» houre line, then arc the Dials of 
- both places the ſame, reckoning the houre of 1 2 { and thereſt in 


 _ order) from the Meridian of the place, in the one, and from the 

{ Meriduanoftheplaneinthe other; if otherwile you may eaſily 

' _  putonthehorizontall honre lines proper thereunto, by the dire- 
Mon of the 27 Chapter. 166 
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PROPOSITION IX. 
The longitude and latitude of any place being given, to 


make a plane in our latitude paralell 


Li 


thereto, 


g _ 
Sf * 
Mine, 


>, N the Diagram adjoyning, let N ESW, 


Z and pole thereof, E H W the EquinoQall 
of that latitude, whoſe diſtance from the 
Zenith 1s equall to the elevation of the 
Pole P above the Horizon; NP ZS the | 
Meridian of Lo»dox,& EZ W the prime Þ 
_ vertical there;now ſuppoſel would frame p 

nt | 
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a planc here,lying 1n the longitude and latitude of Fernſalem,, 


 _ orany othertam ous Citie within our HemiFhere, whereupon 


to make a Diall that ſhall ſhew the houres of that particular 

place. on _ 7 I 
Conſidering therefore that the difference of longitude be- 
tweene any two places,is an arch of the A:quator betweene the 
Meridians of the one and the other,ſubdudt the longitude of Loy- 
don (which in the 1 80 page of Maſter F/rightserronrs of Navi. 
gation,1$-22d, of. )out of the longitude of Hiera/alem, which in | 
theſame place js 68 d. ©, the remainder 46d, o'. muft be fer 
vpen the EquinoGiall from H to K Eaſterly : and from Þ the 


_  Poleat Zoxdos,agreat circle muſt be drawne to RK, repreſenting 
the Meridian of Hiezuſalem , 46d. o', to the Sontheaſt of our 


Meridian. Againe, conſidering that the latitude of every place is 
an arch of the Meridian betwixt the Pole and the Horizon, unto 
which the arch betweene the Zenithand EquinoCtiall is equall ; 
by thelatitude H A 22 d. and the amplitudeE C 58d. 25'.found 
inthetable of amplitudes an{werable to the declination 3 2 d, 
draw the paralcll B A C,(or ſeekethe center by thefourth Chap- 


_ ter) thorough I the interſection of the parall B A C, and the Me- 


ridian P1K, draw the ſtrejght line or azimuth Z ID, fo have 
you anoblique triangleP Z1, by whichto refolve this queſtion, 
fortheanglesS Z D will give the declination of the plane,it being 
an arch of the Horizon betwixt our Meridian and the Azimuth 
paſſing by the Zenith of the place to the Horizon: and the com- 


plementof Z 1, thediſtance betweene the two Zeniths , doth 
_ givethercclination of the plane, which is an arch of the ſaid azi- 


muth betwixt our Zenith and rhereclining plane, and are thus | 
to be found. In the oblique triangle P Z I yon havethe ſide P Z, 
the complement of theielcvation of the B. 38d. 28”. and the ſide 
P I the complement ofthe declination of the paralcll 58 d.o', and 
the angle comprehended by tnem ZPI, 46d. 0', thedifference 
of longitude betweene Londog and Hieruſatem , to find the ide 
Z 1, bythe ſixth caſe of O,S. Triangles. Wherefore firſt let fall 


the perpendicular Z R. Then & rhefaſe of O, 8, rriangles. 


As 


The Artof SHaDowwEs: A4ty 


RS Lþ ft Eb Logar, 
As the fineof ZRP: + $1,405 1 Rn O', | I0000,00 
75 e0 the tangent of Z P . ny 7 38 28 9900, Og 
Fo #s the coſone of RP Z. 46 o 9841.77 
To the tangent of PR \- 28 54 F974. 925 
Which taken out of me ſide Pi. $8 
There remaynes R I Ty Ix : | 29 6 
Thenagtine : 
Toger, 
As be coſpneof Re BY -,28 d. 54% w 0057. 76. Ar.Compl, 
Is to the coſimeof PZ "#8 28 9g8$93.74. 
So z the coſineoef RI 29 6 9941 40._ 
To the coſine of ZI 38 36* x9892.90. 


Whoſe complement 5 1 &. 24, is the reclination foughtfor. 


OC  Logas, 
 Astheſineof ZI 38d, 6 '. 0204.89, Arith.C ompt 
Is to the ſine of LPT bs O, 9856.93. 
Soithe fine of PI 58 O. 9928.42. 


To the ſine of the angle P ZI 77 $54 £9990. 24. 


The true angle PZ Iis 1 O2 4. 6'., and the complement tycres 


of to 180d. FZ Dis 77d. 54 the angle of declinztion which 
weiceke for ; bur becauſe there is no ſhne greater thn 99 d. the 
complement of the obtule' angle to 180 d. is produced by the 
Wworke, 

Toconclude then, the plane which in our latitude of London, 
will lic parall to the longirnde, ard latitude of Hiernſalrnm, mutt 
' decline from our Meridian Eaſtward: 77d. 54. aud recline 


from our Zenith Northwards 5 x d. 24. which was the thing 
defired. 


Ee 5 | End 
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CHuar, XXXVI. &S 
Dzvers other Propoſitions of the Spheare un ordinary uſe to be.” 
performed by right angled ſpherical trian« Wl OP 


WO 
... 7-57 3 ESR 
bd "bo : AHN <a. 
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; 
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SAC 22> N the Scheme adjoyning,let N ESW bethe Ho- 
ANZ | rizon, NP £AS the Meridian, E Z W theprime 
Wey, verticall, © G S the tropique of Cancer,E A W 
P42 SPE the Xquator, c& H c& the tropique of Capri- 
$2 XDÞ corne,P G R a Meridian or hourecircle,croſling 
TOS the prime verticall in the point G, the Sunbeing 


SRECETTTEICTT 


Z AB the azimuth of the Sunnecroſling that houre circle in the 
point A, the Sunne beingin the tropique of Cancer, W.D G a 
quarter of the Ecliptique,and P DZ a Meridian drawn from the 
- Pale to.theplace of the Sun (et upon. the Horizon in 78, croſſing 

- the Ecliptique in D..and the-EquinoChiall atright angles in C. 
Tet thetriangle W CD of the Scheme repreſent the triangle 
V Ry of the 1, Caſe of R.S. Triangles, W D is part of the E- 
 cliptique, W C part of the Zquator, andD C part of the circle 
of declination, falling at right angles upon the EquinoRiall in C. 
1 Thegreateſt declination of the Sunne which is the angle at 
WW, and hisdiſtance from the next Equijao&iall point W D be- 
ing given, to find D C the particular declination of any degree of 
the Ecliptique : worke#y 7 
triangles. We 9 Vie 

2 By the ſamedatato.find W. C therightaſcention, worke 4 

the ſecond of the ſecond eaſrof K, So ITienget 
3 By theright aſcention W/ C, and declination DC, to find 


-y5 


# W D thediſtance of the Sun from the next EquinoQiall point, 


worke by the ninth caſe of RS. triangles... 


« 


4 By the ſame datato;fi d the angle D,, which the Meridian 


" 
% 


makerh with the Ecliptique,worke y the ſecond of the 16. caſe 


of R, S, Tringles. © 


7 . 


5 Bythe right aſcention W C, andthe diſtance of the.Sunne 
from the next EquinoRiall point W D, to find the angle W,'the 
greateſt declination, worke by the firſt varietic of the fourteenth 
caſe of R,S triangles,, ._ - EE , 

Now theſe fiveparts may be varied 30 ſeverall wayes, as by 
the 16 caſes appeareth,viz the particular declination five wayes 
more,by the firſt varieties of the firſt ſix caſes,and the right aſcen- 
tion five wayes more by the ſecond varieties of the ſame ſix caſes, 
and the place of the Sun five wayes more, by the /eventh, eighth, 
niath, and tenth caſes, and the angle of the Meridian , and the E- 

_ cliptique five wayes more , by the ſecond varieties of the jixe laſt 
caſes, and the greateſt declination five wayes more , by the firſt 
varieties, of the laſt ſix caſes of RS. triangles, 


E . | _ 


_—__—_——— rr 
in the tropique of Caxcer, EP W the houre circle of 6 of clock, 
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e firſt varittie of the firſt caſeof RS, . 


VER TIEE” 
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| Place of Sunsriſce or Suns fer”, 7 C part of the Meridian paſſing 


worke by the ſecondof the fourth caſe of R S. Triangles, This 


_ day and night time of Sans riſe'and Suns tt. 


' more, by the ſeventh, eighth, ninth, and ten caſes , and thede- 
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Againelet the triangle W C c£ of the ſcheme repreſent the 
TlnpleY R& of the firſt eaſe of R.S.triangles.” CW && may be 
te Eaſter Weſt point; where the Zquator and Horizon inter. 
ie& each other, W c& part ofthe Horizonfrom that point to the 


by theplaceof the Sunne, aid falling upon the Aquator at right 
2nglesjn C,, and this triangle is properly framed under the Ho. 
rizon, asis E T S, by continuing the Aqurator to the Meridian 
(like the example of the ſixt Chapter)but wonld be equallrs this 
being oppoſite thereto, which therefore I retaine, '|* 
6 The complement of the heighth of the' Pole , which is the 
angleat W, and the declination of the Sun, which is C ce, being 
given to find the difference aſcentionall W C, equall to E T, 


difference aſcentionai} added to.god. in North ſignes, and ſub- 
dufed in South fignes, giveth the ; diurnall'arch in degrees and } 
minutes, which may be converted into time for the length of 


4 


7 By theſamedarato find the amplitude W c£,equall to ES, 
worke by the firſt of the eighth caſe of R.S. rriangles. « 

8 By the amplitnde W c©, and the difference aſcentional 
W C; to find the declination C 72, worke by the firſt of the third 
_RRSHmR. |... Sc 
9 Bytheamplitudeof W c&,and the declination C <&;ro find 


Pole, worke by the firſt of the 15.caſeof RS, triangles, 
10 By the declination C #, and complement of the poles I} | 


 theangleW , which is the.complemer of the heighth of the 


| heighth the angle W, totind the angle at c@, which the circleof ; 


declination makes with the Horizon, worke 4y the ſecondof the 
II caſe of R.S, triangles. — Ee 
Now theſe fiveparts of this triangle may be alſo varied 3oſe- | : 


_ verall wayes, by the fame 16 caſes as the former were, viz, the | / 


differenceaſcentionall may befound five wayes more, by thele-. 
cond varieties of the firlt ſix caſes, and the amplitude five ways 


clinacion 5 wayes more, by the firſt vareeties, of thefirſt ſix Fj | 
; | Z 7. ani 
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and the complement of the Poles heightitfive wayes more , by 
the firſt varieties of the Laſt ſix caſes,and the angle of the Meridi- 
an and Horizon five wayes more , by the ſecond varieties of the 
laſt 6 caſes of R,F. triangles.  _ ho 


| Again let the triangle G R E of theſchem repreſent the triangle 
YR & of the firſt caſe of R,S, triangles,G E R may be the Eaſt or 
Weſt point, where the Zquator, Horizon and firit © 5.” yerticall 
crofle each other, G E part of the prime verticall, and G R part 
of the Meridian, or houre circle, pafling by the placeof the Sun —* 
in S upon the prime vertical] at G, andtallingat right angles up- f 
on the ZquatorinR, ” = ; 

11 The clevation of the pole, which 1s the angleat E, and the 
declination of the San G R being given, to find G E the heighth 
of the Sun upon the prime verticall , worke by the ſecond of the 
eiohth caſe of RS, triangles. .- - 

_ 12 By theſamedazato find R Ethehoure of the Suns com- 
ming, to the firſt vertical, worke &y the firſt of the fonrth caſe of 
RS, triangles, | | : 

I 3 By the angle at Ecthe heijghth of the Pole,and the ſide G E, 
the heigfth of the Sun upon the prime verticall , to find the de- 
clination G R.worke by the ſecond of the eleventh cafe of R,S 
triangles. 1. TR. > 1 

14 By thehonreof the Sun RE, and the declination G R, to 
find theansgle at E, which is the heighth of the Pole, worke Sy 
the ſecond of the 16 caſe of R.S, triaugles, 

15 By the heighth of the Snn upon the prime verticall G E, 
and the declination G R,to find the angle at G , which the Me- | 
ridian makes with the prime verticall , worke by the fir/? of the 
fourteenth caſe of R.S, Triangles. ES 
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angle of the Meridian, and the firſt verticall ive wayes more by 2 
the firſt varieties of the ſame fix caſes of RS, triangles, 
 Againe, let thetriangle A B E of the Scheme repreſent the tri. 
angle VR &, of thefirſt caſe of R.F, triangles, and let the angle 
at E be the Eaſt point as afore, A E part of thehoure circle of fix, 
and AB part of the azimuth croſſing the place of the Sunnejq 
Sat Aupon the faid houre circle, 

_ * 16 Theangle Etheheighthof the pole, and AE thedeclina- 

tion of the San being given , to find A B the heighth of the Sun 

upon the hourecircle of 6, worke by the ſecond of the firſt caſe of 

RS. triangles, | I. | 

* 17 Bytheſameadara, to find E B the azimuth of the Sunne at 
 theſame time, worke by the firſt of the ſecond caſe of R, S. tri- 

angles, | | | 2) 

: 7: By the heighth of the Sun AB, and the azimuth EB, to 

End the dcclination A E : worke by the ninth caſe of RS, tri- 
_ engles. — oe 
# 9 By the azimuth E B,and the declination E A, to find the 
" angle E, the heighth of the Pole : worke by the ſecond of the 1 4. 
Caſe of R.S, triangles, | 
20 By theangle E,the heighth of the pole, & AB the heighth 
of the Sunne upon the houre cirgleof 6 , to find the angle of the 

Suns poſition at A, worke by the firſt of the 11 caſe of R.S. tri- 

angles, . wt, 

And theſe five parts of this triangle may bealſo varied 3oſe- 
verall wayes by the 16 Caſes aforeſaid , as all other right angled. 

. triangles may be, ſo that the heighth of the Sunne upon the houre” 
circle of 4 may be found five wayes more by the ſecond varieties 
of the firſt ſix caſes, the azimuth + the Sun five wayes 67 tho firft 
varieties of the ſame ſix caſes, the declination five wayes moxe#y 
the ſeventh,cight, ninth, and tenth caſes, theheighth of the Pole 

five wayes more by the ſecond varieties of the laſt ſix caſes , and 
the Suns peſition fre wayes more,by the firfl varities of the ſame = 
' ſex caſes of R,S, triangles, Zo —— 2 
21 Now if you ſuppoſe Z AB to bea decliningplane,and croſle 
:tatright angles with the Meridian P K,you have therighcangle 
triangle ZKP, wherein the particulars defired of all declining 
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- planes arerepreſented, for P K1s the elevation of the pole above 
theplane , Z K the diſtance of the fubſtile from the Meridian, 
Z P Ktheangle betweene the-rwo Meridians, Þ ZK the com- 
plenrent of the declination, and P Z the complement of the _ 
height of the Pole of the place : Bur theſe things being at large _ | 

: 
| 


diſculſed in the tenth Chapter , it were needlefle to repeat them 
againe, only I thought fit toremember, that theſe five partsof 
chis triarigle may by the 16 Caſes aforeſgid be varied 3ofeverall 
 wayes, fo rhat one may abundantly fatisfie himſelte in all theſe 
concluſions by divers operations, and therfore the moreconfi- | 
dently reſt upon his owne worke,producing the lametruth from 
 ſeverall data, EE i 7 + 
| 223 Againeby the ſametriangleP K Z , you may calculate the 
bourearches of the former table, for if you ſuppoſe PK tobean 


houre circle, and Z B the azimuth croſſing itat Tight angles in K;, 
tlc 1deP K, being found by the Canon annexed to rhe table , 
ſhall give the arch of the table deſired , amd, by the 16 caſes you l 


way find all the other parts in that triangle if you thinke good. 

23 Likewiſe having found by the fixt propoſition the diffe-: 
rence aſcentionall ET, or W C,, if you ſubtra&t it out of the 
right. aſcention of any degree of the Ecliptique in Northerne - 
fignes, you have the oblique aſcention thereof,and adde it there- | 
to, you have the oblique deſcention thereof,contrary,if you adde | 
it to the right aſcention of any Southerne ſigne,you have the ob- 

| lique aſcention thereof, and by ſubtracting it, the oblique de- 
 {cention of the ſame place. 
- 24 Theheizhth of the Pole, and greateſt declination being gi- 
ven, to find whatarch of the Zodiaque never riſeth or ſetteth in 
that latitude, and conſequently the longelt day or night of that 
paralell, and contrary. - - | 

When the elcvarion of the Pole 1s lefle then 65d, 29'. the 
complement of the greateſt declination,all the parts of the Eclip- 
tique doe both riſe and ſet ; when juſt ſo much & and 7 cutthe 
Horizon, when ir is more part of the Ecliptique 1s alwayes above, | 
and part alwayes under the Horizon; ſuppoſe 72 be the latitude — |! 
neere the North Cape of Finmar ke going to Ruſſia, the comple- [ 

ment thereof is 18 degreesthe declination of that paralel] , that 
ns never 
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neuer ſetteth in that latitude, the greateſt declination being gi- 
ven, this particular declination may be found &y the 1 of the 8 
caſe of R.S.triangles.to belong to 204,45'.of &,or m but 9 d, 15”, 
| of Stand:zare inparalelliſme with them , therefore the arch of 
ks. the Ecliptique from 20d. 45 'of & to 9 degrees 'T Co of M$ is al- 
 "wayesabove that Horizon ; and continuall day from about the 
| firſt of 2Zay, tothe 23 of ly following; the contrary part of 
--- 4g 1s continuall night , and of the Ecliptique never ri- 

ſeth. 
25 Thearch of any degreeof the Ecliptique,from the next E- 
quinoQiall point,and the right aſcention thereof being given to- 
gether, to find what cach of them are ſeverally , ſuppoſe that 
aggregate be 57 degrees 5 4”. for ſolution of this queſtion , the 
greateſt difference betweene the arch of the Ecliptique and his 
right aſcention muſt be knowne ; which you may either calcu- 
late,or find by any Table of right aſcentions to be about the mid- 
| dleof &orm2 degrees 29'.then by the firſt of the firſt caſe of R.S, 
 zriangles, you ſhall find the fourth proportionall tobe 2 .degrees 

__ E'. which ſubtraQted from 5 7 degrees'5 4”. leaveth the double of 

theright aſcention, and added to the right aſcention 27 d.5 4'«gt- 

veth thearch of the Ecliptique,V 3o d. 

26 The Meridijonall altitude, and declination of any knowne 
ſtarrethat never ſetteth being given, to find the heighth of the 
Pole; .let the Meridionall alticude of (uch a ſtarrebe NI, or NM, 

# and the declinatioa thereof A M , therefore the complement 
 MP,orP1I, totheleaſt heighth N I adde the complement of the 
declination I P, or from the greateſt heighth N M ſubtract the 
 complementPM, fo have you P N, the heigth of the pole, to-be 
” correcqtedbyrefractions it there be cauſe, 
27 The right aſcention and declination of two known 
_ ftarsbeing given, whereof the one in the Horizon, the other in 
theMerigian, to find the heighth of the Pole without in{tru- 
ment. In the triangle Þ NLright angled at N, the difference of * 
_ theright aſcentions of the ſtars in I and L is the angle N Þ Land 
* thecomplement of the declination of the ftarre at L inthe Ho- 
TizonistheſideP L: wherefore 4y the ſecond of the {econd bf 
| | Of 
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of R. $. triangles, you may find the fide P N, the heighth ofthe 
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